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CIVIL  DEFENSE  SHELTER  OPTIONS 
FOR  FALLOUT  AND  BLAST 
PROTECTION  (DUAL-PURPOSE) 

SUMMARY 

A  dual-use  shelter  may  be  defined  as  that  structure 
which  In  addition  to  performing  its  primary  function  is  capable 
of  providing  protection  in  times  of  emergency.  The  class  of 
such  potential  shelters  is  extensive  and  for  nuclear  weapons 
environments  having  low  effects  intensities,  may  include  vir¬ 
tually  all  of  the  man-made  structures  (both  land  based  and 
water  borne)  having  enclosed  (protected)  space,  in  addition  to 
natural  shelters  such  as  caves. 

During  the  past  several  years  the  class  of  dual-use 
structures  has  received  a  significant  amount  of  attention  among 
the  numerous  organizations  engaged  in  thii  area  of  investiga¬ 
tion.  Radiation  fallout  as  well  as  blast  protection  has  been 
considered,  the  primary  motivation  being  economic  advantages. 
From  an  economic  point  of  view  dual-use  shelters  appear  to  be 
attractive  to  the  fallout  radiation  effects  region  and  for  the 
same  reason,  the  extension  of  this  sheltering  concept  to  a 
blast  overpressure  environment  appears  as  an  obvious  route. 
Separate  studies  which  exist  and  are  of  interest  are  those 
which  consider  in  some  detail  all  or  certain  of  the  major  pro¬ 
tection  and  habitability  aspects  of  a  shelter  or  system  of 
shelters  with  respect  to  some  nuclear  weapons  environment  to¬ 
gether  with  costs  thereof.  The  present  effort  makes  use  of  a 
number  of  such  studies  having  the  following  objectives  in  mind. 

•  To  determine  for  a  nuclear  weapons  environ¬ 
ment  other  than  fallout  radiation  alone, 
the  extent  of  the  economic  advantages  of 
dual-use  shelter  systems  with  respect  to 
the  expected  percent  of  population  thus 
sheltered . 
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•  To  bring  into  sharper  focus  those  areas 
in  which  more  research  is  necessary  in 
order  to  increase  the  effectiveness  of 
this  sheltering  concept. 

Efforts  supplementary  to  the  above  objectives  include: 

e  Estimated  construction  trends  in  selected 
types  of  construction  (Appendix  A) 

e  A  limited  study  on  the  use  of  expressway 
grade  separations  as  dual-use  shelters. 

(Appendix  B) . 

a  Cost  estimating  and  cost  reporting  as  ap¬ 
plies  to  dual-use  shelters. 

By  the  extent  of  economic  advantages  in  the  use  of  this 
class  of  structures  as  dual-use  shelters,  we  mean  that  level  of 
costs  beyond  which  the  coats  of  sheltering  considerations  begin 
to  outweigh  those  of  the  primary  function  As  used  herein, 
this  definition  applied  primarily  to  new  construction.  Its 
implications  are  discussed. 

If  the  expected  weapons  environment  is  fallout  radiation, 
a  large  number  of  conventional  building  concepts  qualify  as  can¬ 
didate  shelters  If  this  class  is  now  restricted  to  include  only 
schools,  available  information  indicates  that  if  fallout 
shelters  are  considered  in  the  planning  state,  the  additional 
cost  should  not  exceed  8  percent  of  the  cost  without  a  shelter 
for  an  average  of  1700  spaces  Thus,  if  motivation  to  provide 
fallout  shelters  for  schools  exists,  it  is  most  often  more  ec¬ 
onomical  to  include  them  within  the  parent  structure  in  its 
planning  stage  than  to  construct  single- purpose  shelters  having 
the  same  capacity  and  resistance.  At  the  other  extreme  however, 
i.e.,  for  weapons  environments  of  increasing  severity,  the  prob¬ 
lem  is  no  longer  as  clear-cut  and  the  point  at  which  structural 
concept  ceases  to  be  a  -candidate  is  more  difficult  to  estab¬ 
lish.  In  any  one  case  the  solution  may  be  found  by  means  of  a 
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cost  comparison  on  three  di££erent  structures: 

e  Conventional  structure. 

e  Conventional  structure  with  dual*use  shelter. 

e  Equivalent  single* purpose  shelter. 

Such  a  cost  comparison  will  provide  the  answer ,  however,  the 
effort  itself  is  costly  and  time  consuming  since  these  struc* 
tures  may  be  entirely  different  in  concept  depending  on  the 
severity  of  the  given  weapons  environment.  Also,  in  order  to 
do  justice  to  such  a  cost  comparison,  it  is  desirable  to  estab¬ 
lish  "survivability"  functions  in  each  case.  This  would  odd 
significantly  to  the  overall  effort.  The  importance  of  estab¬ 
lishing  "survivability"  functions  for  personnel  shelters  is 
discussed  below. 

The  effectiveness  of  a  given  shelter  or  shelter  system 
relative  to  a  weapons  environment  is  its  level  of  ability  to 
provide  protection  against  it-  This  level  may  be  measured  by 
the  number  or  percent  of  expected  survivor b  and,  for  purposes 
of  this  discussion,  may  be  termed  "survivability."  For  a  given 
range  of  weapon  environments  then,  the  effectiveness  of  a  shel¬ 
ter  may  be  measured  by  the  rate  of  survivability  decline  ex¬ 
pressed  in  functional  form.  It  is  evident  thus  that  two  shelters 
having  different  structural  systems  but  the  same  design  environ¬ 
ment  will  not  necessarily  have  the  same  survivability  functions 
for  any  given  range  of  weapons  environments. 

Survivability,  even  though  not  referred  to  as  such,  is 
always  considered  in  the  design  of  conventional  structures.  In 
such  a  design  process  the  designer  determines  the  range  of  ex¬ 
pected  load  magnitudes  and  loading  conditions  and  within  the 
scope  of  their  Influence  selects  the  structural  system  most 
idealy  suited  to  resist  them.  Under  conventional  circumstances 
a  great  deal  of  date  is  ordinarily  available  on  expected  loading 
conditions,  so  that  specifications  assuming  a  high  degree  of 
performance-safety  and  longevity  (survivability)  may  be  written. 
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Thus  ths  problem  of  predicting  loading  conditions  as  well  as 
survivability  is  ordinarily  inaignlf leant. 

In  the  case  of  shelters  however,  loads  and  loading  con¬ 
ditions  depend  on  expected  weapon  environments .  These  are  ex¬ 
tremely  difficult  to  predict  and  therefore  "survivability  functions 
for  possible  ranges  of  weapons  environments  become  important  in 
planning  and  evaluating  potential  shelter  systems.  Such  functions 
may  be  related  to  shelter  costs,  and  when  thus  related  become  ex¬ 
tremely  useful  planning  and  analysis  tools.  They  would  be  es¬ 
pecially  useful  in  evaluating  the  sheltering  and  economic  poten¬ 
tial  of  dual-use  shelters.  In  summary,  a  meaningful  evaluation 
of  the  extent  of  economic  and  sheltering  advantages  or  potential 
of  a  dual-use  shelter  or  shelter  systems  would  include  a  survi¬ 
vability  related  cost  analysis  for  an  expected  range  of  weapon 
environments . 

Up  to  the  present  time,  dual-use  shelter  research  has 
received  a  significant  amount  of  attention.  However,  in  the  light 
of  the  previous  paragraph,  available  results  capable  of  meaning¬ 
ful  answers  on  economics  or  sheltering  potential  of  this  class 
of  shelters  (especially  if  the  weapons  environments  include  di¬ 
rect  effects  in  addition  to  fallout  radiation)  are  relatively 
few.  Quantitative  evaluation  of  survivability,  as  described 
briefly  above,  is  one  area  which  has  received  virtually  no  atten¬ 
tion. 

Postulating  the  end  result  to  be  a  set  of  data  and  analy¬ 
sis  methods  capable  of  answering  the  questions  posed  in  the  above 
discussion,  it  was  the  object  of  the  effort  reported  herein  to 
collect  directly  applicable  and  related  information  on  the  subject, 
determine  and  discuss  the  extent  of  its  usefulness,  update  it 
where  necessary  and  possible,  and  present  it  in  a  form  usable  for 
further  investigation.  Also,  it  was  intended  to  bring  Into 
sharper  focus  those  areas  of  the  overall  problem  where  further  in¬ 
vestigation  is  warranted. 
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Applicable  data  collected  and  analyzed  in  the  course  of 
this  study  are  useful,  even  though  in  many  respects  it  is  not 
as  complete  as  would  have  been  desirable.  It  is  not  capable 
of  definitive  conclusions,  but  rather  probably  disconnected 
trends . 

On  the  Ivasis  of  available  data  it  is  concluded  that 
a  given  candidate  dual-use  structure  is  to  have  a  large  quantity 
of  enclosed  space  favorably  distributed  above  and/or  below  grade, 
favorable  foundation  conditions,  advantageous  supporting  system, 
type  and  materials  of  construction,  as  well  as  favorable  loca¬ 
tion  There  is  good  reason  to  believe  that  it  is  economically 
advantageous  to  incorporate  blast  and  radiation  resistant  shel¬ 
ters  in  such  structures  in  their  planning  stage  having  at  least 
a  20  psi  blast  overpressure  resistance  and  a  "high"  level  of 
survivability.  By  the  expression  "economically  advantageous," 
we  mean  that  it  is  still  substantially  more  economical  to 
consider  dual-use  shelters  in  such  environments  than  single¬ 
purpose  shelters. 
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abstract 

The  effort  reported  herein  Is  concerned  with  civilian 
dual-use  personnel  shelters.  Its  primary  objectives  are: 

1.  To  determine  for  nuclear  weapons  environ¬ 
ments  other  than  fallout  radiation  alone, 
the  extent  of  the  economic  advantages  of 
dual-use  shelter  systems  with  respect  to 
expected  percent  of  population  thus  shel¬ 
tered. 

2.  To  bring  into  sharper  focus  those  areas 
in  which  more  research  or  analysis  is 
necessary  in  order  to  Increase  the  effec¬ 
tiveness  of  this  sheltering  concept. 

Topics  supplementary  to  the  above  objectives  include: 

Estimated  construction  trends  in  selected 
types  of  construction. 

A  limited  study  on  the  use  of  expressway 
grade  separations  as  dual-use  shelters. 

Cost  estimating  and  cost  reporting  as 
applied  to  dual-use  shelters. 

Results  of  this  effort  dealing  with  a  large  number  of 
existing  related  topics  are  contained  in  this  report.  These 
results  are  in  the  form  of  assembled  and  updated  costs  as  well 
as  physical  and  environmental  data  and  conclusions. 
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CHAPTER  ONE 


INTRODUCTION 


among  numerous  conventional  type  structures,  those  most 
ideally  suited  to  provide  protection  against  the  effects  of  a 
nuclear  weapons  environment  are  those  which: 

•  contain  the  most  enclosed  space  for  the 
largest  number  of  persons, 

•  have  a  high  level  of  inherent  structural 
strength,  radiation  and  fire  resistance, 

r  are  known  to  a  large  number  of  persons 
in  the  immediate  vicinity, 

•  are  accessible, 

•  have  a  wide  geographic  distribution  and 

•  are  of  economic  construction. 

In  the  case  of  a  fallout  radiation  environment,  struc¬ 
tural  strength  and  fire  resistance  required  by  the  local  build¬ 
ing  and  fire  codes  is  often  adequate.  With  these  limitations 
removed,  large  numl  ^rs  of  existing  conventional  type  structures 
qualify  as  dual-use  snelters.  Since  shield  mass  and  distance 
from  the  radioactive  source  are  the  governing  factors  in  this 
environment,  qualification  of  a  given  structure  will  depend, 
among  other  things,  on  the  distribution  and  intensity  of  fallout 
radiation,  the  effectiveness  of  the  given  shields  and  the  loca¬ 
tion  of  the  space  relative  to  the  source.  Structures  that  don't 
readily  qualify  may  in  many  cases  be  economically  and  efficiently 
upgraded  to  meet  the  requirements. 

The  classes  of  structures  which  would  qualify  for  dual- 
use  in  this  environment  are  extensive;  some  of  the  more  obvious 
examples  are: 

•  underground  parking  garages, 

•  subway,  railway  and  expressway  tunnels, 

•  multistory  basements  of  large  apartment 
buildings  and  department  stores,  and 
upper  stories  of  multistory  buildings, 
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•  basements  of  schools,  community  centers 
and  other  large  public  buildings, 

•  church  and  hospital  basements,  etc. 

Every  community  has  at  least  one  of  the  structures  listed  above 
and  perhaps  several  others  which  may  be  characteristic  of  that 
community  and  may  be  identified  as  potential  candidates. 

In  the  case  of  a  blast  overpressure  environment,  the 
problem  is  not  as  well  defined  and  the  number  of  conventional 
structures  that  would  qualify  as  shelters  even  in  the  regions 
of  low  overpressures  is  considerably  reduced  as  compared  to  the 
"fallout  only"  environment.  Conventional  structures  are  con¬ 
structed  to  meet  the  requirements  of  local  building  and  fire 
codes.  These,  even  though  conservative  In  many  cases,  are  most: 
frequently  not  adequate  for  reliable  protection  even  in  the  low 
overpressure  regions.  In  some  instances  earthquake  motions  and 
high  wind  velocities  are  considered;  however,  in  general  these 
arM  very  localized  cases. 

From  an  economic  point  of  view,  dual-purpose  shelters 
appear  to  be  attractive  in  the  fallout  radiation  effects  region. 
For  the  same  reasons, the  extension  of  this  sheltering  concept 
to  a  blast  overpressure  environment  appears  as  an  obvious  route. 
However,  at  increasing  levels  of  overpressure,  economic  ai’”an- 
tages  are  not  expected  to  remain  constant  and  a  point  will  be 
reached  at  which  for  a  given  conventional  structure  this  shelter¬ 
ing  concept  is  no  longer  economical,  even  though  a  portion  of 
the  total  cost  is  borne  by  the  structure's  primary  function. 

This  may  be  illustrated  as  follows.  Strictly  from  the  construc¬ 
tional  cost  point  of  view,  if  the  cost  of  incorporating  a  shelter 
in  a  given  structure  is  5  percent  of  the  cost  of  the  parent  struc¬ 
ture,  and  20  percent  of  the  cost  of  a  single  purpose  shelter  with 
the  same  capacity  and  resistance,  then  the  advantages  are  ob¬ 
vious.  On  the  other  extreme,  however,  if  the  shelter  cost  is 
as  much  as  the  cost  of  the  single  purpose  structure  itself,  it  may 
be  advisable  to  seek  different  sheltering  concepts.  A  single 
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purpose  shelter  may  be  a  better  choice.  The  point  at  which  such 
a  crisis  occurs  will  not  be  reached  at  the  same  overpressure 
level  for  all  structures.  The  cost  of  hardening  a  warehouse  or 
an  airplane  hanger,  where  large  spans  and  a  minimum  number  of 
load-carrying  columns  are  requisite  for  its  primary  function, 
will  become  uneconomic  at  a  lower  overpressure  level  than  in 
the  case  of  hardening  a  school  with  a  full  basement.  A  school 
structure  allows  a  great  deal  more  freedom  of  maneuver  by  means 
of  various  slanting  and  strengthening  techniques  and  materials, 
even  to  the  point  of  not  altering  its  conventional  type  archi¬ 
tectural  concept. 

The  planning  and  development  of  a  specific  community 
type  protective  shelter  system  may  be  limited  by  available 
funds.  Having  defined  the  nuclear  environment  within  the  limi¬ 
tations  of  the  state-of-the-art,  it  becomes  desirable  to  know, 
without  expending  a  great  deal  of  time  and  effort,  which  of  the 
existing  structures  and  those  planned  for  future  construction 
may  be  utilized  within  the  given  economic  limitations  and  with 
what  sheltering  results. 

The  questions  posed  by  this  problem  are  pertinent  to 
this  study  and  thus  deserve  a  closer  look.  The  general  problem 
and  its  solution  for  a  blast  overpressure  environment  may  be 
outlined  as  follows: 

1)  Definition  of  the  Nuclear  Weapons  Environment 

Sizes  of  Nuclear  Weapons 

Design  Levels  of 

Incident  Overpressure 
Initial  Radiation 
Fallout  Radiation 

Expected  Fire  Conditions 

2)  Description  of  Community  (residential  or 
industrial) 

Urban,  Suburban  or  Rural 

Number  of  Persons  Requiring  Sheltering 


Area  Covered 
Population  Distribution 


3)  Shelter  Mix  and  Site  Selection 

Available  Shelter  Space  and  Equipment 
(potential  candidate  structures,  exist¬ 
ing  and  planned) 

Available  Area 

Levels  of  Inherent  Protection 
Equipment  Adaptable  for  Shelter  Use 
Cost  of  Adaptation 

Additional  Required  Shelter  Space  and  Equipment 

Cost  of  Upgrading  Existing  Structures 

Cost  of  Incorporating  Shelters  in 
Planned  Construction 

Cost  of  a  Single  Purpose  Shelter 

Cost  of  Equipment 

The  effort  implied  in  item  3,  aside  from  identifying 
potential  candidate  shelters,  is  formidable.  For  emphasis  it 
may  be  broken  down  into  the  following  tas'-s: 

1)  Evaluation  of  existing  candidate  structures 
in  order  to  determine  their  inherent  levels 
of  protection. 

2)  Determination  of  the  cost  of  upgrading  those 
candidate  structures  which  do  not  meet  the 
requirements  of  the  given  nuclear  weapons 
environment . 

3)  Determination  of  the  cost  of  incorporating 
shelters  in  conventional  structures  planned 
for  construction  in  the  near  future. 

4)  In  the  event  that  shelter  space (which  offers 
the  required  degree  of  protection)  obtained  by 
tasks  1,2  and  3  is  insufficient,  then  it  is 
necessary  to  cost  additional  shelters. 

When  the  nuclear  weapons  environment  is  fallout  radia¬ 
tion,  sufficient  information  is  available  such  that  fairly  quick 
and  reliable  estimates  may  be  made.  However,  in  the  case  of  a 
blast  environment,  corresponding  information  is  available  to  a 
considerably  lesser  degree  and  decreases  with  increasing  severity 
of  weapons  effects.  This  is  not  to  imply  that  no  work  has  been 
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done  in  this  area;  on  the  contrary,  the  subject  of  dual-purpose 
civilian  blast  shelters  has  received  considerable  attention 
among  numerous  organizations  engaged  in  this  area  of  investiga¬ 
tion.  Separate  studies  which  exist  and  are  of  direct  interest 
here  are  those  which  have  considered  in  some  detail  all  or  cer¬ 
tain  of  the  major  protection  and  habitability  aspects  of  a  shel¬ 
ter  or  a  system  of  shelters  with  respect  to  some  nuclear  weapons 
environment,  together  with  costs  thereof.  Such  existing  studies 
include : 


•  Existing  schools  and  other  structures  built 
with  fallout  radiation  protection. 1,2,5,8,15, 16 

•  Schools  designed  for  fallout  radiation  pro¬ 
tection  and  subsequently  upgraded  and  costed 

for  low  level  blast  overpressure  environments .9, 10 

•  Case  studies  of  single  purpose  shelters 
(blast  overpressure  environment) . 29 

•  Comparative  cost  studies  of  dual-purpose 
shelters  for  fallout  radiation  and  blast  over¬ 
pressures  up  to  60  psi  for  the  following  classes 
of  conventional  structures: 

Schools13,1^’15 

Community  Centers1^’20 

Expressway  Grade  Separations 
7  7 

Parking  Garages 

7  / 

Warehouses^ 

Administration  Building2^ 

Communications  Building2^ 

Office  Buildings25 

Vehicular  Tunnels22,2®’31 

•  Other  miscellaneous  studies  concerned  with 
providing  technical  and  cost  estimating 
guidance  for  placing  protective  shelters 

near  single  family  dwellings,  in  churches,  etc. 


*  Superscript  numbers  refer  to  references  listed  at  the  end  of 
the  report,  page  153. 
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Conventional  type  structures  considered  in  the  studies  listed 
are  some  of  the  more  obvious  candidates  in  the  category  of 
dual-use  shelters. 

As  has  been  pointed  out  earlier,  below  certain  nuclear 
weapons  environment  levels  as  yet  not  established,  this  class 
of  shelters  possesses  certain  distinct  economic  advantages, 
namely: 

•  many  of  the  candidate  structures  occur  fre¬ 
quently  and  in  large  numbers  throughout  the 
country, 

•  possess  large  areas  of  enclosed  potential 
shelter  space, 

0  contain  during  large  portions  of  the  day 
large  numbers  of  potential  shelter  occupants, 

•  will  continue  to  be  constructed  at  some 
rate  in  order  to  meet  future  peacetime 
needs . 

With  a  number  of  such  separate  studies  dealing  with 
this  subject  available,  it  appears  advisable  to  review  them  at 
this  time,  rather  than  increasing  their  inventory,  and  to  note 
their  advantages  and  short-comings  and  reduce  their  costs  to  a 
common  basis  for  purposes  of  a  comparative  analysis.  Two  pri¬ 
mary  objectives  of  such  a  study  are  given  below. 

1)  To  determine  for  a  nuclear  weapons  environ¬ 
ment  other  than  fallout  radiation  alone, 
rhe  extent  of  the  economic  advantages  of 
dial-purpose  shelter  systems  with  respect 
to  the  expected  percent  of  population  thus 
sheltered. 

2)  To  br!ng  into  sharper  focus  those  areas  in 
which  more  research  or  analysis  is  neces¬ 
sary  in  order  to  increase  the  effectiveness 
of  this  sheltering  concept. 

The  results  of  such  an  effort,  dealing  with  studies  listed 
previously  are  contained  in  this  report. 

In  all  dual-purpose  shelter  concepts  considered,  it  was 
assumed  that  the  shelter  space  in  question  would  be  available 
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to  the  public  in  times  of  emergency.  This  is  an  important  plan¬ 
ning  criterion,  but  not  necessarily  a  realistic  assumption. 

These  structures  do  not  fall  into  a  single  category  of  ownership. 
Some  of  them  may  be  owned  by  Federal  and  State  Governments,  some 
by  the  local  community;  however,  the  great  majority  of  them  are 
privately  owned  by  individuals  and  groups  of  individuals.  Thus 
the  problem  of  incorporating  as  well  as  devising  an  optimum  pro¬ 
tective  shelter  system  in  any  geographic  area  or  community  may 
be  a  substantial  portion  of  the  overall  problem  of  protective 
shelter  systems.  Since  it  is  dependent  on  the  awareness  of  a 
substantial  number  of  individuals,  this  problem  is  formidable, 
and  if  sufficient  motivation  of  individuals  cannot  be  mustered, 
one  solution  may  be  by  means  of  some  form  of  federal  legislation 
with  a  partial  funding  provision  as  has  been  proposed  in  Western 
Germany.  The  following  is  a  quotation  from  a  current  source 
dealing  with  Civil  Defense  Systems  in  Western  Germany. 


"nnenv?rmfn  C4V11  defense  program  has  relied  heavily 
on  private  citizens  and  on  land  and  local  govern- 
ments  to  malce  voluntary  preparations  for  defense. 

But,  in  the  opinion  of  the  German  government  this 
approach  has  not  resulted  in  the  development  of  an 
adequate  system.  Despite  intensive  efforts  by  the 
government  to  educate  the  public  to  the  danger  of 
thermo-nudear  war  and  to  the  effectiveness  of  pos- 
f ,couJ}£ermeasures »  the  voluntary  system  has 
i  <  i  * ,The  government  has  therefore  sponsored 

a?mo«^a^i^n1PfejCri?in8  a  compulsory  system  with 
almost  total  federal  control.  Under  this  legisla- 

£  t”!?0  g^ororoent  would  be  authorized  to  estab- 

c“?„fU‘!mbracin8  emergency  organizations,  to  con¬ 
script  cadres  to  man  these  organizations,  and  to 
prescribe  extensive  training  and  realistic  exer- 
cises  in  peacetime.  The  proposed  laws  would  also 
grant  sweeping  emergency  powers  to  the  government 
to  enable  it  to  respond  effectively  in  In  emergency. 

rprmineo<thf1P^°^lems  °f  Pro8ram  implementation, 

German  civil  defense  planners  have  developed  a 
complete  and  well- integrated  concept  of  emergency 
operations.  The  concept  involves  a  system  that  V 
d®vised  to  cope  with  the  effects  of  a 
thermo- nuclear  war,  but  which  may  also 
function  during  a  limited  war  or  natural  disaster."  30 
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This  legislation,  put  before  the  German  Parliament  in  1965, 
covers  only  compulsory  shelters  in  new  buildings  and  incentives 
for  building  shelters  in  existing  buildings.  All  shelters  will 
be  required  to  have  at  least  a  14-day  supply  of  food  and  water. 
Public  shelters  must  allow  at  least  7.5  sq  ft  per  person,  includ¬ 
ing  ventilation  equipment  and  sanitary  and  living  space.  Studies 
are  currently  under  way  to  construct  public  shelters  in  subways, 
and  due  to  the  large  programs  in  many  German  cities  for  the  con¬ 
struction  of  underground  garages,  public  shelters  are  either 
being  built  in  these  facilities  or  are  under  consideration. 
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CHAPTER  TWO 

COMPENDIUM  OF  PROTECTIVE  SHELTER  STUDIES 


2.1  INTRODUCTION 

The  objective  of  this  chapter  is  to  present  the  data 
and  conclusions  of  a  comparative  cost  analysis  of  a  number  of 
existing  dual-purpose  personnel  protective  shelter  studies. 
References  considered  include  case  studies  of  structures  char¬ 
acteristic  of  specific  geographic  regions  as  well  as  those  hav¬ 
ing  the  facility  of  wide  application.  In  some  cases  the  struc¬ 
tures  discussed  have  been  built  and  are  in  use  at  this  time. 

The  nuclear  weapons  environments  considered,  range  from  fallout 
radiation  alone  to  a  blast  overpressure  environment  of  60  psi. 

All  studies  considered  herein  are  presented  and  dis¬ 
cussed  separately.  Each  reference  is  summarized  and  pertinent 
data  presented  in  tabular  form.  For  each  shelter  concept  the 
data  include: 

•  Structural  and  constructional  characteristics. 

•  Materials  of  construction. 

•  Shelter  capacity. 

•  Nuclear  weapons  environment  considered  in 
design. 

•  Total  and  incremental  costs. 

Explicitly  omitted  are  considerations  of  siting  and 
evaluations  of  vulnerability.  These  aspects  were  not  treated 
in  the  references  discussed.  In  all  cases,  an  attempt  was 
made  to  reduce  the  costs  to  a  common  base  for  purposes  of  com¬ 
parison.  In  doing  this,  a  certain  amount  of  difficulty  was  en¬ 
countered.  This  was  primarily  because  of  the  fact  that  no  uni¬ 
form  or  standard  procedure  of  cost  estimating  exists  among  the 
community  of  investigators  concerned  with  the  design  and  anal¬ 
ysis  of  shelters.  In  order  to  circumvent  this  difficulty  in  the 
future,  a  recommended  cost  reporting  procedure  is  outlined  and 
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discussed  in  detail  in  Appendix  C  of  this  report.  Coupled  with 
the  difficulty  mentioned b-To;:c  is  the  fact  that  the  objective 
of  the  various  studies  considered  herein  was  not  the  same  in 
all  cases.  Some  were  specific  case  studies  that  were  concerned 
with  sheltering  and  habitability,  others  with  the  integrity  of 
the  essential  structure  and  basic  equipment,  etc.  Several  of 
the  references  were  concerned  with  demonstrating  to  the  inter¬ 
ested  citizen  that  a  high  degree  of  fallout  protection  in  con¬ 
ventional  structures  can  be  obtained  at  little  or  no  additional 
cost.  The  latter  were  not  intended  to  be  research  reports,  and 
thus  lack  the  detail  that  would  add  greatly  to  their  value. 

For  reasons  given  previously,  in  certain  cases  assumptions 
needed  to  be  made  in  order  to  reduce  the  data  to  a  common  base 
and  make  a  cost  comparison  possible.  Conclusions  arrived  at  as 
a  result  of  the  comparison  are  given  at  the  end  of  this  chapter 

2.2  SCHOOLS  BUILT  WITH  FALLOUT  SHELTERS1,2 
2.2.1  General  Description 

Data  listed  and  itemized  in  Tables  2.1  and  2.2  have 
been  extracted  from  references  1  and  2.  The  structures  in  ques 
tion  are  existing  schools,  portions  of  which  have  been  designed 
to  provide  protection  against  the  fallout  effects  of  nuclear 
weapons.  Incorporation  of  shelter  areas  appears  to  have  caused 
no  obvious  interference  with  their  primary  function.  In  fact, 
all  such  areas  are  in  use  as  part  of  normal  school  facilities. 
Many  of  the  schools  have  basements;  these  house  classrooms, 
cafeterias  and  other  normal  facilities  which  double  as  shelters 
in  times  of  emergency.  Schools  without  basements  provide  shel¬ 
ter  space  in  various  centrally  located  areas.  In  the  case  of 
an  emergency,  this  class  of  structures  possesses  several  advan¬ 
tages,  namely: 

•  Schools  have  staffs  which  are  trained  to 
handle  groups  of  people. 

•  Food  service  facilities  and  stores  ordi¬ 
narily  exist. 
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Table  2.1 

SCHOOLS  WITH  FALLOUT  SHELTER1 
(Existing  Structures) 


1 

2 

3 

4 

5 

6 

7 

8 

9 

Capacity 

Tout  Are.  .......  .... 

of  Parent 

Name  and  Location 

Type  of  Shelter 

Location 

Based  on 

Shelter 

Structure 

Gross 

Croat 

As  Parc ant 
of  Total 

Shelter 

Volume 

Minimum 

Shelter 
Area  per 
Occupant 

Construction 

Above  or 
Below  Crade 

Function 

sq  ft 

aq  ft 

Araa 

cu  ft 

ft 

Blackwell  Senior 

R/C 

Below  Grade 

600 

40b 

68,100 

4,880 

7.2 

39 , 000 

8.0 

11.95 

High  School 
Blackwell,  Oklahoma 

Denis  J.  0'Connel 

Masonry  walla 

Above  and 

l,b00 

500 

* 

5,000 

* 

40,000 

8.0 

10.00 

High  School 
Auditorium 

R/C  roof 

Below  grade 

Arlington,  Va. 

South  Salem 

Circular  inside 

Above  grade 

630 

630 

37,700 

6,300 

16.7 

50,400 

8.0 

10.00 

Elementary  School 

corridor,  R/C 

Salem,  Va. 

roof,  masonry 
walla 

4. 

S.  Joseph  Crsde 
School 

St.  Joseph,  111. 

R/C 

Below  Grade 

650 

650 

17,000 

6,800 

40.0 

54,400 

8.0 

10.45 

5. 

South  San  Antonio 

R/C  with  brick 

Above  Crade 

500 

680 

6,900 

6,800 

98.6 

61.200 

9.0 

10.00 

School  Csfecorium 

San  Antonio,  Texas 

finish 

6. 

Lorento  Senior 

High  School 

Lorento,  Texas 

R/C 

Below  Grade 

300 

700 

54,100 

7,000 

12.9 

63.000 

9.0 

10.00 

7. 

Somers  Elementary 

Steel  frame  and 
masonry,  8-in. 

Below  Crade 

600 

700 

54,800 

7,100 

13.0 

60,400 

8.5 

10.0? 

Somers,  Connecticut 

R/C  overhead 
shelter  slab 

8. 

Homer  High  School 
Homer,  La. 

R/C 

Below  Crade 

700 

930 

39,100 

9,560 

24.4 

76,500 

8.0 

10. Oi 

Henry  A.  Bradshaw 

Dome  structure 

Above  Grade 

1,000 

1,000 

150,000 

10,000 

6.7 

85,000 

8.5 

10.00 

High  school 

walls  •  concrete 

Florence,  Alabmna 

block,  overhead 
shelter  slab  R/C 

10. 

Ledyard  High  School 
Ledyard,  Conn. 

Below  Grade 

* 

1,100 

92,000 

15,000 

16.3 

120,000 

8.0 

13.6 

11. 

Bemldij  Junior  High 

R/C  shelter 

Below  Grade 

1,000 

1,200 

140,000 

15,240 

10.7 

129,500 

8.5 

12.7 

School,  Bemldjl.Minn. 

(basement  and 
tunnels) 

12. 

Miami  Springs  Senior 
High  School,  Miami 

R/C  shelter 

Above  Grade 

2,000 

2,000 

172,000 

18,000 

10.5 

161,500 

8.5 

9.0 

Florida 

13. 

Junior  High  School  55  R/C  shelter 

Above  and 

1,900 

3,200 

173,000 

32,000 

18.5 

288,000 

9.0 

10.0 

Borough  of  Brooklyn 

Below  Grade 

Average 

14. 

West  Is  lip  Senior 
High  School 

West  Isllp,  N.Y. 

R/C 

Below  Grade 

* 

J,  319 

146,500 

33,194 

22,4 

282,000 

8.5 

10.0 

15. 

Miami  Senior 

Above  grade  -  R/C 

Above  and 

* 

3, 100 

126,000 

39 , 680 

31.5 

337.000 

8.5  + 

12.8 

High  School 

roof,  masonrv 

Below  grade 

Mlani,  Arizona 

wells,  below 

grade  -  R/C 


10 

Volume  ya] 

per  I 

Occupant 

96.2  A 

80.0  4 

80.0  4' 

8J.  6  4' 

90.0  41 

90.0  4< 

85.0  41 

80.0  40 

85.0  4<] 

109.0  40 

107.0  40 

70.5  40 

90.0  AO 

85.0  AO 

109.0  40 


*  Indicates  that  information  la  not  available 
R/C  Reinforced  concrete 
N/A  Not  applicable 

Note:  This  table  contains  two  types  of  costs; 

1)  as  Riven  In  reference  1, 

2)  as  adjusted  to  Chicago.  Illinois  area  for 
the  year  1964  (last  column). 
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10 

Volume 

^  P#r 
Occupant 

11 

Fallout 

p.r. 

12 

Inc (.dent 
Overpressure 

Resistance 

pal 

13 

School  and 
Shelter  Coat 
total  Total 

dollari  per  aq  ft 

14 

Incremental  Sheltrr 

Coat 

Total  Cost  of 
Construct  Ion 
dollars 

Percent 
Construction 
Coat  Increase 

Per  aq  ft  of 
Dual-Purpoae 
Structure 

Coat  per 

sq  ft  of  Shelter 

At  Glven^ 

Aa  Adjusted 
to  Chicago, III. 
Area  (1964) 

96.2 

90 

N/A 

858,347 

12.60 

0 

0 

0 

0 

0 

80.0 

40 

N/A 

900,000 

* 

0 

0 

0 

0 

0 

80.0 

40 

N/A 

437,400 

1.39 

0.16 

0.95 

1.32 

83.6 

40 

N/A 

187,623 

11.04 

6,800 

3.76 

0.44 

1.00 

1.00 

90.0 

40 

N/A 

110,000 

15.95 

2,000 

1.85 

0.29 

0.29 

0.39 

90.0 

40 

N/A 

060.935 

12.22 

10,000 

1.54 

0.18 

1.43 

1.92 

85.0 

40 

N/A 

780,400 

14.22 

14,500 

1.89 

0.26 

2.04 

1.78 

80.0 

40 

N/A 

336,713 

8.6! 

23,455 

7.49 

0.60 

2.46 

3.30 

85.0 

40 

N/A 

2,000,000 

13.36 

1,500 

0.08 

0.01 

0.15 

0.26 

109.0 

40 

N/A 

1.227,960 

13.35 

34 , 500 

2.89 

0.38 

2.30 

2.00 

107.0 

40 

N/A 

1,654,000 

11.82 

0 

0 

0 

0 

0 

76.5 

40 

N/A 

2, 167,700 

12.62 

0 

0 

0 

0 

0 

90.0 

40 

N/A 

4,046,220 

23.40 

0 

0 

0 

0 

0 

85.0 

40 

N/A 

2,426,858 

16.62 

85,000 

3.63 

0.58 

2.56 

2.^2 

109.0 

40 

N/A 

1,764,000 

14.00 

0 

0 

0 

0 

0 

V 
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Table  2.2 

SCHOOLS  WITH  FALLOUT  SI 
(Existing  Structure 


1 

Nm  and  Location 

2 

3 

4 

(Number *ofl hereon*) 

5 

Total  Araa 

6 

Shelter  Araa 

7 

8 

Min  imum 

9 

Shalti 

Shelter 

Conatructlon 

Above 

or  Below  Grade 

Based  on 
Normal 

Function 

Shalttr 

of  Parant 
Structure 
aq  ft 

Cross 
sq  ft 

As  percent 
of  Total  Area 

Volume 
Cu  ft 

Headroom 

ft 

Area  p< 
Occupai 
aq  ft 

1. 

Lincoln  Elementary 
School 

Aloa,  Oklahoma 

R/c  Overhead 
slab  -  17  in. 

Below  grade  on 
three  aide*  (split 
level) 

165 

256 

16,500 

2,565 

15.0 

21,800 

8.5 

10. C 

2. 

North  Central  School 
Roger* ,  N.  Dak. 

Concrete  block 
wall*,  R/C 

Overhead  slab 

10  in. 

Below  grade 

356 

615 

43,000 

6,500 

14.0 

55,200 

8.5 

10. t 

3. 

Mayville  High  School 
Mayvllle,  Wise. 

Welt  Dunbar 

Reinforced  and 
pre-ca*t  concrete 
roof  •  12  in., 

R/C  walla  -  12  in. 

Split  level 

560 

760 

111.686 

7,600 

6.8 

64,600 

8.5 

10.( 

4. 

Elementary  School 
Miami,  Florida 

R/C 

Above  Grade 

800 

1,000 

49,729 

10,000 

20.0 

85,000 

8.5 

10.  c 

5, 

Bern*  Point  Junior 

High  School .Chant au- 

gua  Co.,N.Y, 

R/C  Overhead  slab 
wall  material, 
not  dlacuaeed 

Above  and  Below 

Crade 

1,180 

1,000 

116,000 

11,000 

9.5 

93,500 

8.5 

11. c 

6. 

Cantar  Senior  High 

1  School 

Kansas  City,  Mo. 

R/C 

Below  Grade 

* 

685 

150,065 

11,116 

7.3 

94,500 

8.5 

16.3 

7. 

Clada*  Junior  High 
School 

Mimni,  Florida 

R/C 

Above  Crade 

1,200 

1,472 

96,882 

14,720 

15.0 

125,000 

8.5 

10. c 

8. 

Cascade  Junior 

High  School 

Longview,  Waah. 

R/C  Overhead 
a lab  -  8  in. 

R/C  walla  *12  In. 

Above  grade 

850 

1 ,800 

90,423 

18,000 

20.0 

153,000 

8.5 

io.  <; 

9. 

Miami  Coral  Park 
Senior  High  School 
Miami,  Florida 

R/C  roof  and 

walla 

Above  Grade 

1,705 

1,850 

132,414 

19,400 

14.7 

165,000 

8.5 

10.5 

10. 

Miami  Coral  City 
Senior  High  School 
Miami,  Florida 

R/C 

Above  Crade 

1,400 

1,750 

136,000 

21,300 

15.7 

181,000 

8.5 

12.2 

11. 

William  Floyd 
Jr'Senlor  High  School 
Shirley  L.I.,  N.Y. 

R/C 

Below  Crade 

1.550 

1,761 

IB3.082 

22,566 

12.4 

192,000 

8.5 

12.8 

12. 

United  High  School 
Lor ado,  Texas 

R/C  Overhead  a  lab 
14  in.,  R/C  walla 
thickness  not 
given 

Below  Crade 

540 

2.000 

68,000 

29,000 

42.7 

246,000 

8.5 

14.5 

13. 

Union  Park  Junior 
High  School 

Orange  County, Fla. 

R/C 

Above  Crade 

600 

988 

26,425 

9,880 

37.4 

83,800 

8.5 

10.0 

14. 

Roblnawood  Junior 
High  School 

Orange  County,  Fla. 

R/C 

Above  Grade 

600 

988 

26.425 

9,880 

37.4 

83,000 

8.5 

10. 0 

15. 

Carver  Junior  High 
School 

Orange  County,  Fla. 

R/C 

Above  Crade 

600 

988 

26,425 

9,880 

37.4 

83,800 

8.5 

10.0 

16. 

Park  Junior  High 
School 

Arteala,  N.M. 

R/C 

Below  Grade 

1,000 

2,275 

95,623 

34,126 

357 

292,000 

8.5 

15.0 

17. 

East  Central  High 
School 

Tulaa,  Okie. 

R/C  Overhead 
slab  -  B  In . 

R/C  walla 

Partially  below 

Crade 

* 

5,469 

203,798 

54,689 

27.0 

465,000 

8.5 

10.0 

18. 

Junior  High  School 
201 

New  York,  New  York 

R/C  Overhead 

Slab  -  10  in. 

R/C  wall* 

Below  Crade 

1,860 

5,600  ♦ 

190,396 

70,000 

36.6 

595,000 

8.5 

12.5 

19. 

Coddard  Senior 

High  School 

Roawell,  N.M. 

R/C 

Below  Grade 

2,000 

6,500 

186,273 

82,273 

44.2 

700,000 

8.5 

12.7 

*  Indicate*  that  information  I*  not  available 
1/C  Reinforced  concrete 
N/A  Not  applicable 

**  Coat  number*  In  parantheai*  (column  14)  indicate  the  coat 

c f  additional  equipment  (ventilation,  electric  and  plumbing). 
Breakdown*  of  this  coat  are  not  available. 


Note;  Thl*  table  contains  two  types  of  coate: 

1)  aa  given  in  reference  2, 

2)  aa  adjusted  to  Chicago,  Iltlnol*  area 
for  the  year  1964  (last  coluaei). 
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OUT  SHELTER2 
uctures) 


9 

10 

U 

12 

13 

14 

Increaantal  Shelter 

Colt 

Shelter 

VoIim 

Incident 

Overpressure 

Remittance 

pel 

School  and 

Shelter  Cost 

Total  Coat  of 

Percent 

Per  eq  ft  of 

Coat  per 

aq  It  of  Shelter 

Ar««  par 
Occupant 
aq  ft 

A  P« 
Occupant 
cu  ft 

Fallout 

r.r. 

Total 

dollare 

Total 
per  sq  ft 

Coni true  t Ion 

dollare 

Conatructlon 

Coat 

Increase 

Dual-Purpoee 

Structure 

At  Given2 

Ae  Adjusted 
to  Chicago, Ill. 
Area  (1964) 

10. 0 

15.0 

100  ♦ 

N/A 

201,000 

12.12 

5,130 

2.62 

0.31 

2.00 

2.68 

10.6 

90.0 

* 

N/A 

468,000 

10,88 

30,000 

6.85 

0.21 

4.62 

5.30 

10.0 

85.0 

* 

N/A 

1,464,800 

13.10 

14,000 

0.96 

0.13 

1.84 

1.84 

(4,600)** 

10.0 

85.0 

40  -  90 

N/A 

542,205 

10.90 

15,000 

(10,000) 

2.85 

0.30 

1.50 

2.61 

11.0 

93.5 

100 

N/A 

1,897,551 

16.36 

17,500 

(7,500) 

0.93 

0.15 

1.59 

1.38 

16.3 

138.6 

40  -  500 

N/A 

2,156,000 

14.37 

0 

0 

0 

0 

0 

10.0 

05. 0 

100 

N/A 

1,132,300 

11.69 

6,680 

(11,720) 

0.59 

0.07 

0.45 

0.78 

10. 0 

85.0 

100  ♦ 

N/A 

1,405,588 

15.54 

15,000 

(13,000) 

1.08 

0.17 

0.83 

0.78 

10.5 

88.2 

100  + 

N/A 

1,701,517 

12.85 

33,000 

1.98 

0.25 

1.70 

2.96 

(8,000) 

12.2 

103.8 

100 

N/A 

1,638,508 

12.05 

7,900 

(19,300) 

0.48 

0.06 

0.37 

0.64 

12.8 

108.8 

100  * 

N/A 

3,719,000 

20.42 

5,000 

(36,000) 

0.13 

0.03 

0.22 

0.19 

14.5 

123.2 

100 

N/A 

704,000 

10.35 

20,520 

(32,346) 

3.00 

0.30 

0.71 

0.95 

10.0 

85.0 

* 

N/A 

434,000 

16.60 

15,486 

3.70 

0.59 

1.57 

2.73 

10.0 

85.0 

* 

N/A 

450,000 

16.60 

15,486 

3.60 

0.59 

1.57 

2.73 

10.0 

85.0 

* 

N/A 

432,000 

16.60 

15,486 

3.72 

0.59 

1.57 

2.73 

15.0 

127.5 

600  ♦ 

N/A 

1,111,147 

11.61 

10,000 

(49,200) 

0.91 

0.10 

0.29 

0.36 

10.0 

85.0 

1000 

N/A 

2. 752.700 

13.51 

0 

0 

0 

0 

0 

12.5 

106.2 

* 

N/A 

4,812,145 

25.27 

0 

0 

0 

0 

0 

12.7 

108.0 

600  ♦ 

N/A 

1,944,070 

10.42 

13,000 

(117,000) 

0.67 

0.07 

0.16 

0.20 

t' 
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•  Schools  represent  administrative  links  to 
other  schools. 

•  For  a  portion  of  the  school  day  they  contain 
readily  assembled  and  organized  potential 
shelter  groups. 

Shelter  volumes  given  in  Table  2.1  are  approximate. 
However,  it  is  felt  that  approximations  are  on  the  conservative 
side,  meaning  that  very  likely  somewhat  more  headroom  is  avail¬ 
able  than  has  been  estimaced.  The  protection  factor  against 
fallout  radiation  for  all  structures  in  Table  2.1  is  given  as 
40.  In  Table  2.2  this  number  varies  and  in  a  few  instances  is 
not  available. 

Sleeping  accommodations  for  sheltered  personnel  are  not 
discussed.  However,  if  a  tiered  bunking  arrangement  is  used, 
under  certain  favorable  conditions  the  capacities  of  these  shel¬ 
ters  may  be  increased.  Implications  of  this  possible  increase 
are  discussed. 

There  are  a  number  of  ways  in  which  personnel  space  in 
a  given  shelter  may  be  allocated,  these  depend  to  a  large  meas¬ 
ure  on  the  length  of  the  sheltering  period.  In  a  fallout  radi¬ 
ation  environment,  the  sheltering  period  is  relatively  long 
(about  two  weeks).  During  this  period,  people  will  need  to 
perform  the  essential  functions  of  eating,  sleeping  and  recreat¬ 
ing  to  some  satisfactory  degree,  under  restricted  conditions. 
This  implies  a  scheduled  performance  of  sitting,  lying  down, 
standing  and  walking  around.  Space  allocation,  thus,  will  de¬ 
pend  on  some  acceptable  criteria  under  which  these  functions 
may  be  performed  satisfactorily.  Such  criteria  would  be  based 
on  a  host  of  psychological  as  well  as  physiological  factors 
affecting  various  groups  of  people.  Sleeping  on  bare  concrete 
may,  under  the  circumstances,  be  tolerable  to  young  and  physi¬ 
cally  healthy  individuals ;  however,  the  shelter  group  may  include 
old,  very  young  and  perhaps  ill  persons  who  may  have  a  difficult 
time  withstanding  such  conditions.  In  such  a  case,  partial 
bunking  or  mattresses  may  alleviate  part  of  the  problem. 
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Bunking  may  also  be  used  to  accommodate  more  people  in  a  given 
shelter  by  means  of  efficient  tiering  and  bunk  location.  Here, 
however,  aside  from  problems  mentioned  earlier,  we  are  faced 
with  the  additional  cost  of  air  circulation  as  well  as  bunk 

purchase  and  storage.  Many  of  the  problems  briefly  mentioned 

'x  /  J 

above  have  been  studied,  ’  albeit  no  single  all-embracing  solu¬ 
tion  is  as  yet  available. 

Overpressures  have  not  been  considered  as  part  of  shel¬ 
ter  design.  This  does  not  mean  that  in  certain  cases  (basement 
type  shelters)  some  low  level  of  overpressure  resistance  is  not 
inherent.  Some  of  the  basement  type  shelters,  judging  by  the 
type  of  materials  and  construction  employed  (column  2,  Tables 
2.1  and  2.2),  appear  to  possess  a  potential  for  economic  rein¬ 
forcement  and,  thus,  would  gain  some  level  of  overpressure  re¬ 
sistance.  In  this  case,  costs  of  uprating  would  be  of  prime 
interest.  This  topic  will  be  treated  in  a  little  more  detail 
in  connection  with  the  discussion  of  reference  10. 

2.2.2  Cost 

Since  the  object  of  references  1  and  2  was  to  present  a 
general  picture,  the  costs  are  understandably  not  itemized,  in¬ 
stead  lump  sum  totals  are  given.  These  totals  are  designated 
as  "construction  cost"  when  referring  to  the  cost  of  the  whole 
structure,  and  as  "shelter  cost"  when  referring  to  the  cost  of 
the  shelter.^  The  costs  of  the  whole  structure  are  designated 
as  "total  cost"  in  some  cases  and  as  "project  cost"  in  others. 
Shelter  costs  are  given  under  the  heading  of  "general  construc¬ 
tion".  Discussions  with  authors  of  these  publications,  as  well 
as  correspondence  with  several  of  the  contributing  architects, 
indicate  that  all  of  these  cost  numbers  may  be  treated  as 
"direct  contract"  costs.  This  cost  ordinarily  includes  mater¬ 
ials,  usual  installed  equipment,  labor,  contractor's  overhead, 
profit  and  contingencies.  A  typical  breakdown  of  such  costs  is 
given  in  the  following  outline. 
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Typical  Direct  Contract  Cost  Breakdown 

•  Structural  and  Earthwork 

Excavation,  backfill  and  grading 

Concrete 

Reinforcement 

Wire  mesh 

Forms:  roof  slab,  beams,  columns  and  walls 
Damp  proofing,  etc. 

•  Architectural 

Cinder  block 

Toilet  partitions 

Resilient  tile,  asphalt 

Concrete  hardener/sealer  liquid 

Insulation  board 

Painting 

Cement  enamel  finish 

Doors 

Stairs 

Handrail,  etc. 

•  Mechanical 

Filters 

Heating  coll 

Sheet  metal  ductwork 

Registers  and  grilles 

Automatic  temperature  controls 

Piping 

Plumbing  fixtures 
Insulation  for  plumbing,  etc. 

•  Electrical 

Wiring 

Switches 

Outlets 

Fixtures 

•  Contractor  s  Profit  and  Overhead  Contingencies. 
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It  must  be  pointed  out  that  the  outline  is  subject  to 
certain  variations  in  the  included  items,  depending  on  geographic 
regions  of  origin  and/or  policies  of  originating  agencies.  One 
example  of  an  item  which  may  be  included  in  some  direct  contract 
cost  estimates  and  not  in  others  is  permanently  installed  equip¬ 
ment.  Venetian  blinds  may  be  considered  as  permanently  installed 
equipment  in  some  school  districts  and  not  in  others,  as  may 
school  desks  and  other  items.  Definitions  vary  and  are  subject 
to  local  building  codes  and  ordinances.  Since  we  are  dealing 
with  school  costs  from  different  parts  of  the  country,  such  var¬ 
iations  in  the  data  are  very  likely. 

Total,  final  cost  of  a  building  may  be  subdivided  into 
three  general  groups,  i.e., 

1)  Preconstruction  cost. 

2)  Construction  cost. 

3)  Other  costs. 

Only  the  second  will  be  considered  in  this  report.  In  general 
construction  costs  represent  between  85  to  95  percent  to  the 
buyer. 

Costs  given  in  Tables  2.1  and  2.2  are  listed  as  they 
appear  in  the  publications  in  question,  i.e.,  with  reference  to 
the  regions  in  which  the  various  structures  are  located.  For 
purposes  of  comparison  they  were  also  adjusted  by  means  of  cur¬ 
rent  cost  indices5  to  apply  to  the  Chicago,  Illinois  area  for 
the  year  1964.  As  far  as  these  two  references^  are  concerned, 
it  was  assumed  that  bids  were  taken  in  1964.  Due  to  lack  of 
information,  no  attempt  was  made  to  adjust  the  data  further, 
i.e.,  as  urban,  suburban  or  rural. 

On  the  basis  of  adjusted  data,  the  variation  of  shelter 
area  with  cost  per  sq  ft  for  shelters  in  Tables  2.1  and  2.2  is 
given  in  Fig.  2.1.  In  this  figure  the  shelters  were  divided 
into  three  general  categories  by  virtue  of  their  location  rela¬ 
tive  to  the  ground  surface:  above  grade,  partially  below  grade. 
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Shelter  Area,  sq  ft  x  10J 

Fig.  2.1  VARIATION  OF  THE  INCREMENTAL  SHELTER  COST  PER  SQ  FT  OF  SHELTER  AREA 
WITH  SHELTER  AREA^»2  (Costs  are  Average  Values  for  Chicago,  Illinois 
Area  for  the  Year  1964) 


and  below  grade.  This  subdivision  is  arbitrary  and  not  really 
well  defined;  it  was  an  attempt  to  see  if  any  discernible  pat¬ 
tern  was  apparent  in  the  data  for  structures  with  basements  and 
those  without.  As  is  evident,  this  is  not  the  case.  It  is  not 
necessarily  a  reflection  on  the  quality  of  the  data.  When  com¬ 
paring  construction  cost  totals  on  several  schools  with  differ¬ 
ent  architectural  concepts  constructed  in  different  communities 
at  different  time:;.,  we  are  not  really  comparing  like  items,  even 
if  the  floor  areas  are  equal.  The  reasons  for  this  may  be  stated 
as  follows. 

The  cost  of  a  structure  is  strongly  affected  by  loca1  .ty; 
variations  often  are  a  composite  of  the  influences  of  local  build 
ing  codes  and  construction  labor  practices  as  well  as  climate. 
Building  costs  tend  to  be  high  in  cities  where  competition  for 
available  construction  labor  is  keen,  building  codes  rigid  and 
labor  unions  strong.  Costs  tend  to  drop  off  outside  the  immedi¬ 
ate  influence  of  the  city,  reflecting  the  availability  of  part- 
time  and/or  nonunion  labor,  and  more  lenient  building  codes 
Such  influences,  however,  are  not  regular.  In  certain  areas  of 
low  labor  cost,  the  productivity  of  such  labor  may  be  so  low  as 
to  keep  building  costs  extremely  high.  Transportation  also  may 
play  an  important  part,  affecting  the  cost  and  availability  of 
construction  materials. 

The  time  of  year  at  which  bids  are  taken  can  bring  about 
large  variations  in  some  geographic  regions.  Generally,  cold 
weather  causes  difficult  working  conditions,  resulting  in  a  loss 
of  production.  This  in  turn  leads  to  high  bids,  although  occas¬ 
ionally  a  contractor  is  willing  to  take  certain  jobs  at  a  low 
profit  in  order  to  maintain  continuity  over  a  period  in  which 
large-scale  building  operations  are  impossible  By  the  same 
token,  bids  taken  in  the  summer  when  the  contractors  are  busy, 
overextended,  and  behind  schedule  tend  to  be  much  higher  than 
during  seasons  of  slack  activity. 
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Certain  long-range  conditions  can  present  opportunities 
for  advantageous  bid- taking  although  these  are  difficult  to  use 
to  advantage.  Bids  taken  during  periods  of  low  building  activ¬ 
ity  tend  to  be  low.  One  difficulty  of  course  is  that  building 
activities  tend  to  follow  general  business  trends.  Conditions 
which  produce  low  construction  costs  are  also  likely  to  make 
investors  cautious  about  undertaking  construction  programs. 

Similar  conflicts  hold  in  the  case  of  money  availability 
and  interest  rates  on  construction.  Interest  is  as  much  a  real 
cost  of  a  building  as  are  materials  and  labor.  Overall  building 
costs  can  be  reduced  by  borrowing  at  an  opportune  time.  However 
it  is  not  always  possible  to  take  advantage  of  such  variations 
since  conditions  leading  to  a  need  for  building  bring  with  them 
higher  interest  rates  and  in  some  cases  higher  material  costs 


Building  costs  are  affected  by  other  factors  as  well. 
Technical  skill  or  lack  of  it  in  an  architect  or  designer  may 
n  some  cases  seriously  distort  the  costs  of  his  structures 
Shortcomings  in  drafting,  detailing  and  specification  writing 
may  cause  one  building  to  cost  considerably  more  than  an  appar¬ 
ently  similar  one.  Factors  influencing  building  costs  are  nu¬ 
merous  and  vary  locally  in  the  intensity  of  their  effects,  it 
is  not  possible  numerically  to  evaluate  all  of  these  factors 
especially  when  dealing  primarily  with  single  final  cost  numbers 
composed  by  different  individuals.  Under  favorable  conditions 
(when  cost  breakdowns  are  available)  the  best  that  can  be  done 
is  to  know  local  conditions,  and  to  make  allowances  for  those 
actors  that  appear  most  important.  Factors  that  influence  the 
cost  of  any  given  structure  will  influence  to  some  extent  the 
cost  of  a  shelter  within  that  structure. 


In  the  light  of  the  previous  discussion  it  is  interest- 

buflT  '°™P^iC°StS  °f  ^"ary  schools  with  those  designed  and 
built  with  fallout  protection.  Such  a  comparison  is  made  in 

F  g-  2.2.  In  this  graph,  two  sets  of  direct  contract  school 
costs  are  plotted.  One  set  (schools  built  with  fallout  shelters) 
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Fig.  2.2  VARIATION  OF  TOTAL  (DIRECT  CONTRACT)  SCHOOL  COST  PER  SQ  FT  OF  AREA 
WITH  TOTAL  AREA  (Costs  are  Average  Values  for  the  Chicago,  Illinois 
Area  for  the  Year  1964) 


is  chat  contained  in  Tables  2.1  and  2.2  and  adjusted  to  a  common 
base.  The  other  has  been  obtained  from  the  literature  and  refers 
to  schools  which  have  been  built  without  fallout  protection.^’7 
The  data  has  been  compiled  as  a  result  of  a  study  conducted, 
the  objective  being  to  prepare  a  building  cost  manual  for  the 
purpose  of  serving  as  a  tool  for  such  groups  as  appraisers,  in¬ 
surance  adjustors,  insurance  companies,  etc.  Costs  on  different 
structures  originating  from  different  parts  of  the  country  were 
analyzed  and  adjusted  to  a  common  basis  for  purposes  of  compari¬ 
son.  Representative  costs  of  base  structures  were  derived,  for 
the  most  part,  from  a  number  of  closely  comparable  projects 
ranging  from  three  to  eight  for  which  detailed  information  was 
available.  Shaded  portions  which  accompany  these  data  points 
in  Fig.  2.2  indicate  ranges  of  cost  applicability.  The  data7 
refers  to  five  schools  constructed  recently  in  the  Chicago  area, 
and  was  obtained  through  the  courtesy  of  the  Chicago  Board  of 
Education.  Costs  plotted  are  final  construction  costs  of  the 
buildings  and  their  normal  installed  equipment.  They  include 
all  direct  expenses  for  materials,  labor,  usual  equipment  and 
customary  site  preparation,  as  well  as  all  extras  and  deletions 
present  in  the  completed  buildings.  Also  Included  are  contractor's 
overhead  and  profit,  contractor's  insurance  and  a  list  of  permits. 
In  order  to  arrive  at  a  common  basis  for  comparing  direct  costs, 
the  data  was  adjusted  to  correspond  to  average  costs  in  the 
Chicago  area  for  the  year  1964.  As  has  been  mentioned  earlier, 
only  average  cost  indices  were  used  for  this  purpose.  This  is 
due  to  the  fact  that  the  cost  data1'2  is  to  some  extent  incom¬ 
plete  and  a  detailed  cost  analysis  is  beyond  the  scope  of  this 
study.  However,  for  the  type  of  general  cost  comparison  per¬ 
formed  herein,  this  type  of  cost  adjusting  is  sufficiently  accu¬ 
rate.  Conclusions  of  this  comparison  are  discussed  in  the  fol¬ 
lowing  paragraphs. 
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2.2.3  Discussion 


It  appears  evident  from  Fig.  2.2  that  both  sets  of  data 
(schools  built  with  fallout  shelter  and  without)  are  very  similar 
as  to  type.  No  discernible  regular  pattern  is  apparent  in  either 
set,  even  though  the  data^  obtained  was  subject  to  considerable 
compilation  and  analysis.  At  this  point,  however,  it  should  no 
longer  be  supposed  that  such  data  should  follow  any  regular  and 
continuous  variation.  The  reasons  for  this  were  discussed  and 
are  summarized  here. 

Building  costs  are  strongly  influenced  by  locality. 
Variations  to  which  they  are  subject  are  a  composite  of  the 
local  building  codes,  construction  labor  practices,  climate  as 
well  as  the  relative  affluence  of  individual  districts  For 
two  structures  similar  in  all  respects  but  built  in  different 
localities,  the  difference  in  cost,  when  adjusted  to  a  common 
base,  may  be  substantial.  Also,  although  the  structures  whose 
costs  are  compared  here  are  designated  as  schools,  this  does 
not  mean  that  the  category  is  specific  enough  for  comparison 
purposes.  Subcategories  are  obviously  needed.  Variations  in¬ 
fluencing  building  costs  are  numerous  and  vary  locally  in  inten¬ 
sity  of  their  effects.  Al.1  of  them  cannot  be  evaluated.  The 
best  that  can  be  done  is  to  know  what  they  are  and  make  adjust¬ 
ments  for  the  most  important  ones. 

On  the  basis  of  the  data  shown  in  Fig.  2,2,  it  appears 
that  there  is  little  discernible  cost  difference  between  schools 
built  with  fallout  shelter  and  those  without.  This  is  in  part 
due  to  the  fact  that  generally  the  fallout  shelter  cost  is  a 
small  percentage  of  the  total  school  cost  (Fig  23)  and  is  sub¬ 
ject  to  the  same  primary  cost  variations.  It  appears,  thus,  that 
cost  influencing  factors  such  as 

•  the  architectural  concept, 

•  foundation  soil  conditions. 

•  availability  of  labor  ar.d  materials,  and 

•  interest  rates,  etc . 
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Fig.  2.3  VARIATION  OF  PERCENT  BUILDING  COST  INCREASE  WITH  SHELTER 
AREA  -  AS  PERCENT  OF  TOTAL  AREA2.8 


may  be  of  an  equal  or  greater  significance  to  the  overall  build¬ 
ing  cost  than  the  fact  that  a  fallout  shelter  is  included. 

In  the  previous  discussion  no  mention  was  made  of  the 
fact  that  structures  listed  in  Table  2.2  have  varying  fallout 
protection  factors.  A  fallout  protection  factor  is  another  cost 
variation  influence.  However,  since  certain  architectural  con¬ 
cepts  are  more  favorable  in  providing  higher  protection  factors 
than  others,  and  since  an  architect  skilled  in  slanting  tech¬ 
niques  can  do  a  great  deal  in  increasing  the  protection  factor 
of  any  particular  structure,  this  cost  influence  is  difficult 
to  gauge.  It  seems  apparent  though  that  it  is  of  minor  influ¬ 
ence  in  this  case. 


2 • 3  BUILDINGS  WITH  FALLOUT  PROTECTION2 ' ® 


Structures  listed  and  itemized  in  Tables  2.3  and  2.4 
were  obtained  from  references  2  and  8.  With  respect  to  their 
primary  function,  they  include  a  service  center,  a  church,  an 
office  building,  etc.,  and  thus  represent  a  more  diversified 
class  of  architectural  concepts  and  structural  types  than  schools. 
All  of  them  were  designed  and  built  to  include  a  fallout  shelter. 
Protection  factors  given  (column  12)  vary  from  40  in  the  lowest 
case  to  3800  in  the  highest.  As  in  the  case  of  schools,1*2  the 
costs  of  these  structures  and  of  their  shelters,  given  in  Tables 
2.3  and  2.4,  are  assumed  to  be  direct  contract  costs,  and  it  is 
further  assumed  that  bids  were  taken  in  1965.  An  error  in  this 
assumption  would  result  in  an  average  cost  error  of  about  +  2 

percent  per  year  depending  on  whether  actual  construction  was 
earlier  or  later. 

Some  difficulty  was  encountered  in  comparing  costs  of 
school  shelters  in  the  previous  section,  even  though  schools  in 
general  belong  to  one  class  of  service  structures.  In  the  pres¬ 
ent  case  the  structures  cannot  even  be  generally  classified  as 
to  utility,  architectural  concept  or  structural  type.  Coupled 
with  this,  is  the  fact  that  cost  and  constructional  data  are 
limited.  For  this  reason,  no  meaningful  cost  comparison  is 
possible.  However,  the  shelter  costs  provided  do  tend  to  rein¬ 
force  a  conclusion  reached  in  connection  with  school  shelters  in 
the  previous  section.  In  that  section  it  was  concluded  that  in 
general  the  fallout  shelter  influence  on  the  total  building  cost 
is  of  minor  significance,  and  may  be  further  reduced  by  utilizing 
advantageous  architectural  and  structural  concepts  and  slanting 
techniques.  To  this  end,  shelter  costs  as  percentages  of  total 
(direct  contract)  costs  for  structures  in  Tables  2.3  and  2  4 
were  plotted  in  Fig.  2.3.  It  is  evident  that,  except  for  the 
number  of  data  points,  this  figure  is  very  similar  to  Fig.  2  4 
(schools  with  fallout  shelters)  in  the  magnitudes  of  cost  per¬ 
centages  as  well  as  in  the  significant  number  of  shelters  that 
were  achieved  at  no  costr 
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Fig.  2.4  VARIATION  OF  PERCENT  SCHOOL  COST  INCREASE  WITH  SHELTER  AREA  AS  PERCENT 
OF  TOTAL  AREAl,2 


Table 

BUILDINGS  WITH  FAL 
(Existing  S 


Primary  Function  Nan*  and  Location 
1  *  Bank  Citv 


Type  of 
Shelter 
Conitruct ion 


Shelter  Location 
(Above  or  Below 
Grade) 


■  Plant  Facilities 


Building  1 
Los  Angeles,  Calif. 


3.  Apartment 
Bui lding 


Springfield  Gae 
Light  Company 
Springfield,  Mass 


R/C  slabs 
7  In. 


3  level*  below 
grade  and 
2  above  grade 

Below  Crade 


*•  Office  Building 


Mt.  Ogden  Terrace 
Apartment* 

Ogden,  Utah 


Underground 

J*b  -  12  in.  parking  Carage 


New  England  Telephone 
^'agraph  Office 
Building 

Fr«ingham,  Mass. 


5«  Lqulpment  Related 
to  the  Federal 
Aviation  Agency 


R/C  wall  slabs-  Partially  Beloi 
12  in.  and  Grade 

‘8  in.  Equiva¬ 
lent  12  in.  of 
concrete  over¬ 
head 


Bohml,  Ton  T.rmin .1 
Building 

Long  Island,  N.Y . 


b.  Control  Building 


Administration  Wing 
Maintenance  Control 
Building 

La*  Vegas,  Nevada 


R/C  and  brick  Above  Grade 
R/C  and  Brick  Below  Grade 


7.  Administration 
Building  of  Court 
House 


8.  Fire  Station 

9.  Church 


Buck*  Countv 
En»rgency  Operating 
Center 

Doylestown,  Pa. 


Steel  Frame  Above  Gr ade  • 
Brick-Sheathed  Cround  Floor 


Fire  Station 
Livermore,  Calif. 


24  in. 


McUan  Bible  Church 
McLean,  Virginia 


10.  Boy  Scouts 
Headquarter* 


Council  Service 
Center 

Detroit,  Michlg 


Precast  T-beam*  Above  Cradc 

Concrete  Biock  cSrJcU™ 

wails  -  12  in. 


Below  Crade 


.  Executive  Bldg, 
of  the  Central 
National  Insurance 
Group 


12.  Police  Station 


13.  Administration 
Building 


69th  Precinct 
Station  House 
Brooklyn,  N.Y. 


14*  Office  Building 
and  Fire  Station 


Administration 
Building  for  School 
District  of  the  Citv 
of  Pontiac 
Pontiac,  Michigan 

Arlington  County,  Va . 
Fire  Division  Office 
Building  and  Fire 
Station  No.  4 


In  the  Center 
of  the  Lower- 
level  floor  area 
(Core  shelter) 


*  Indicate*  that  Information  19  not  available 
R/C  Reinforced  concrete 
N/A  Not  applicable 


Capacity  Total 

{Number  of  Person*)  Area  Shelter  Are* 

Biltfl  oK  of  Parent  - — rr - - - _ 

Normal  Shelter  Structure  Cro■,  £ *“Ccenf 


4’”7  210,000  47,720  22.8  4( 

(e.a;..ed)  nj.,00  )0i000  „  ,5  „ 


16.912  16.3  14 


“1.S22  IS,  000  1  0.6 

12.813  11,691  91.4 


(estimated) 

621 

22, 080 

6,210 

28. 1 

52 

600 

• 

6,000 

* 

51, 

(estimated) 

304 

6.523 

3,043 

4b. 7 

25, 

300 

14,260 

3,000 

21.0 

25. 

(estimated) 

240 

18,481 

2.400 

13.0 

20,4 

(estimated) 

210 

6.200 

2,100 

3  3.9 

17,8 

150 

27,000 

1.500 

5.6 

12,7' 

(estimated) 

120 

24,564 

1,200 

4.9 

10, 2( 

(estimated)  24.744  1.JO0  4.5 


*  Coat  numbera  In  parentheala  {coluim  IS)  .. 

of  additional  equipment  (ventilation  _  1  .  .  e  j*1*  cost 

Breadkown*  of  this  cott  are  not  available?  rlC  *"d  plumbing). 

Note;  Thla  table  contain*  two  types  of  costa; 

1)  as  given  in  reference  2 

2)  as  adjusted  to  Chicago,  ’ 1 1  linois  area 
for  the  year  1964  <U,t  column). 

nothin  see  reference  5 

or  other  reliable  sources. 
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...  .  Shelter  Volume  Building  and 

oluee  Haadroae  JJJ  P*r  Fallout  Q  lnclj*-"*'  Shelter  Cost 

cu  ft  t.  Occupant  Occupant  p  F  Overpressure  Total 

_  »9  «  cu  ft  pal  doll 


Incremental  Shelter  Cost 


15.000  8.5 

5,000  8.5 


pal 

N/A 


~  Cost  per  aq  tt  or  Shelter 

Total  Cost  of  Percent  Per  sq  ft  of  As  rivon2  .  ...  , 

CTfT“!10"  .Coratructlon  Dv»l-Purpo.„  A  Glvc"  JSiSJiSPffllSol. 

Area  (1964) 


In  excess  19.00 

of 

$4  million 

1,700,000  11.0b 


dollars  Cost  Increase  Structui 


(20,000)*- 


4,000  8.5 

7,400  H, 5 


1,250.000  11.97 


>.150,000  22.2b 


23,000 

(2,000) 


MOO  8.5 


425,000  11.2 


85 


470,000  21.2' 


1,‘9*  11,800 


85  l  000 


110,000  19.93  6,000 

(85,000) 


800  8.5 


85  135 

85  1,000 


410,095  22.10 


120,000  19.- 


750  8.5 

200  8.5 


882.000  12. b0 


540,994  22.02 


350  8. 5 
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BUILDIM 


) 

/ 

{ 

I 

r 


1 

2 

3 

4 

5  \ 

/  6 

/ 

7 

Shelter  Area 

Pt  im.»r\ 

Finn' t  ion 

Location  and 

Name 

Type  of 
Shelter 
Construction 

Shelter  Location 
Above  or  Below 
Grade 

Baaed  on 

Normal  Shelter 

Function 

Area  of 
Building 
sq  ft 

sq  ft 

As  percent 
of  Total 

Area 

1  e.>».>arrh  U.5.  Forest  Research  R/C  Above  grade 

Laboratory  Laboratory 

Tempe,  Arizona 


Credit  Union 

Dade  County 

Teachers’  Federal 

Credit  Union, 

Coral  Gables,  Florida 

'•  Bank 

Niagara  County 

Savings  Bank, 

North  Tonawanda, 

New  York 

4.  Health  Center 

Tri-County  Health 
Department 

Cairo,  Illinois 

5.  Cltv  hall 

City  Hall  Building 
Addition, 

Brookfield,  Wisconsin 

6.  Ranger  Station 

Kenton  Ranger  Station 
Ottaws  National  Forest 
Kenton,  Michigan 

7,  pover  Plant 

Wilkes  Power  Plant 
Southwestern  Electric 
Power  Company 

Marlon  County,  Texas 

8.  Armory 

Wyoming  National 

Guard  Armory 

Wheatland,  Wyoming 

9.  Saving  (,  Loan 
Association 

First  Federal  Savings 
&  Loan  Association 
Shreveport,  Louisiana 

10.  Dormitory 

McCloud  Hall  Girls 
Dormitory,  York  College 
York,  Nebraska 

11.  City  Hall 

Cookesville  City  Hall 
Cookesvllle,  Tennessee 

12.  Retirement 

Center 

Hillside  House 

Columbus,  Ohio 

13.  Gymnasium 

Gymnasium  Building 

Anna  Arundel  Conmunity 
College 

Severn#  Park,  Maryland 

14.  Public  Service 
Building 

Headquarters  Building 
New  Jersey  Bell 
Telephone  Company 
Camden,  New  Jersey 

15.  Home  for 
the  Aged 

Somerset  County  Home 
for  the  Aged 

Somerset,  Pennsylvania 

16.  Dormitory 

Esther  6  Philip  Klein 
Hall  Dormitory 

Harcum  Jr.  College 

Bryn  Mawr,  Pennsylvania 

17.  Church 

St.  Jude  The 

Apostle  Church 

18.  Library 

Central  Library 

Building 

Lansing,  Michigan 

19.  School 

Southeast  Polk  Senior* ** 
Junior  High  School 

Ivy,  1  ova 

20.  Library 

Library  Building 
Knlveralty  of 

California 

San  Diego,  California 

21.  student  Union 
Building 

Student  Union  Building 
Mississippi  State 
University 

R/C 

Above  grade 

* 

R/C  a  lab, 
mortar  filled 
masonry  walls 

Below  grade 

* 

R/C 

Above  grade 

* 

R/C 

Below  grade 

* 

Sand  filled 
exterior  walla, 
precast  concrete 
roof  system 

partially  below 
grade 

* 

R/C  overhead 
slab  -  4  In. , 
brick  walla  - 
23  In. 

Above  grade 

* 

R/C 

Below  grade 

* 

R/C 

Below  Crade 

* 

R/C 

Partially  below 
grade 

137 

R/C 

Below  grade 

* 

R/C 

Above  grade 

92 

R/C 

Partially  below 
grade 

* 

* 

Partially  below 
grade 

* 

R/C 

Below  grade 

* 

R/C 

Below  grade 

R/C,  Sand  filled 
masonry  walls  with 
shielded  windows 

Below  grade 

820 

a 

Above  and 
oelow  grade 

* 

R/C 

Above  grade 

1200 

R/C 

Below  grade 

* 

R/C 

Below  grade 

* 

(estimated) 

75 

21,588 

750 

3.5 

(estimated) 

106 

8,270 

1,082 

13.1 

80 

12,000 

1,093 

9.1 

140 

13,317 

1,485 

11.2 

105 

5,775 

1,580 

27.4 

85 

* 

1,625 

* 

150 

11,289 

1,960 

17.4 

(estimated) 

228 

11,534 

2,282 

19.  B 

180 

23,890 

2,430 

10.2 

(estimated) 

510 

32,080 

5,100 

15.9 

(estimated) 

880 

82,122 

880 

1.1 

(estimated) 

1000 

39,400 

10,000 

25.4 

(estimated) 

1000 

a 

10,000 

* 

(estimated) 

1000 

61,414 

10,000 

16.3 

1080 

64,800 

10,828 

16.7 

1093 

24,000 

10,932 

45.6 

1760 

50,000 

17,600 

35.2 

1700 

100,000 

17,640 

17.6 

2400 

100,000 

24,786 

24.8 

(estimated) 

4000 

95,950 

40,000 

41.7 

*  Indicates  that  Information  lk  not  available 
R/C  Reinforced  concrete 
N/A  Not  applicable 

**  Cost  numbers  In  parenthesis  (coluam  IS)  Indicate  the  cose 

of  additional  equlpmsnt  (ventilation,  electric  and  plmbing). 
Breakdowns  of  this  cost  are  not  aval  lab  Is. 


Note:  This  table  contains  two  types  of  costa; 

1)  as  given  In  referenced, 

2)  as  adjusted  to  Chicago,  Illinois  area 
for  the  year  1964  (last  column). 

For  further  cost  adjustment  see  reference  5 
or  other  reliable  sources. 


Table  2.4 

BUILDINGS  WITH  FALLOUT  PROTECTION® 
(Existing  Structures) 


5 

Capacity 

6 

Total 
Area  of 
Building 
sq  ft 

7 

B 

9 

10 

11 

12 

13 

14 

— 

Baaed  on 

Normal 

Function 

As  percent 
of  Total 
Area 

3h  1 

Minimum 

Headroom 

ft 

Shelter  Ares 
per  Occupant 
sq  ft 

Construction  Cost 

Shelter 

sq  ft 

Volume 
cu  ft 

Volume  per 
Occupant 
cu  ft 

Fallout 
P.F . 

Incident 

Overpressure 

Total 

Dollars 

Per 
xq  ft 

Total 
Const r 

* 

73 

16,197 

736 

4.5 

5,888 

8.0 

10.0 

80. 0 

* 

N/A 

400,710 

24.74 

a 

(eatimatad) 

75 

21,588 

750 

3.5 

6,000 

8.0 

10.0 

80.0 

* 

N/A 

411,038 

19.04 

( 

* 

(estimated) 

100 

0,270 

1,082 

13.1 

8,656 

8.0 

10. 0 

80.0 

* 

N/A 

172,000 

20.60 

2.0C 

* 

00 

12,000 

1,093 

9.1 

8,744 

8.0 

13.7 

109.3 

100+ 

N/A 

225,000 

18.75 

6,20 

(2,40 

* 

140 

13,317 

1,485 

11.2 

11,880 

8.0 

10.6 

84.6 

* 

N/A 

163,804 

12.30 

30 

* 

105 

5,775 

1,580 

27.4 

12,640 

8.0 

15.0 

120.0 

* 

N/A 

94,706 

16.40 

62 

* 

05 

. 

1,625 

. 

13,000 

8.0 

19.1 

152.8 

100 

N/A 

14, 100,000 

* 

1,86' 

(1,0(>( 

* 

ISO 

11,289 

1,960 

17.4 

15,680 

8.0 

13.1 

104.8 

1000+ 

N/A 

152,850 

13.54 

5,17' 

(i.  1S< 

* 

(estimated) 

220 

11,534 

2,20  2 

19.8 

16,256 

8.0 

10.0 

80.0 

1000 

N/A 

283,727 

24.60 

0 

137 

100 

23,890 

2,430 

10.2 

19,440 

8.0 

13.5 

108.0 

145 

N/A 

244,671 

10.24 

0 

* 

(estimated) 

510 

32,080 

5,100 

15.9 

40,800 

8.0 

10.0 

80.0 

* 

N/A 

649,000 

20. 2J 

0 

91 

(estimated) 

880 

82,122 

880 

1.1 

7,040 

8.0 

10. 0 

80.0 

* 

N/A 

1,300,000 

15. 8} 

5,000 

(estimated) 

1000 

39,400 

10,000 

25.4 

80,000 

8.0 

10.0 

80.0 

* 

N/A 

788.000 

20.00 

10,250 

a 

(estimated) 

1000 

* 

10,000 

* 

80,000 

8.0 

10.0 

80.0 

♦ 

N/A 

1,500,000 

* 

0 

* 

(estimated) 

1000 

61,414 

10,000 

16.3 

80,000 

8.0 

10.0 

80.0 

* 

N/A 

1,060,000 

17.26 

8,000 

1080 

64,800 

10,828 

16.7 

292,356 

27.0 

10.0 

270.0 

1000 

N/A 

1,266,000 

19.51 

0 

820 

1093 

24,000 

10,932 

45.6 

87,456 

8.0 

10.0 

80 

* 

N/A 

350,000 

14.40 

0 

1760 

50.000 

17,600 

35.2 

140,800 

8.0 

10.0 

80 

500-3800 

N/A 

1,694,000 

27.50 

0 

1200 

1700 

100,000 

17,640 

17.6 

141,120 

8.0 

10,0 

80 

* 

N/A 

1,715,941 

17.16 

0 

* 

2400 

100,000 

24,786 

24.8 

198,288 

8.0 

10.0 

80 

* 

N/A 

2,500,000 

25.00 

0 

* 

(estimated) 

4000 

95,950 

40,000 

41.7 

320,000 

8.0 

10.0 

80 

* 

N/A 

1,800,000 

18.  76 

0 

•te:  This  table  contains  tw  types  <>(  ousts- 

1)  a*  Riven  in  references. 

2)  aa  adjusted  to  Chicago,  Illinois  area 
for  the  year  1964  (last  column). 

For  further  coat  adjustment  see  reference  5 
or  other  reliable  sources. 
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)TECTION8 

ss) 


u 

12 

13 

14 

Conitructlon 

Coat 

15 

Volume  per 
Occ up ant 

Fal lout 

Incident 

Total 

Per 

Total  Coat  of 
Conatruct Ion 
Dollar! 

Percent 

Per  aq  ft  of 

Cpat  per  sq  ft  t 

>t  Shelter 

P.F . 

Overpreiiure 

Dollara 

aq  ft 

Coat  Increase 

Dual-Purpoae 

Structure 

Aa  Given8  As^Ad}( 

rsted  to  T^ucajio 

80.0 

* 

N/A 

400,710 

24.74 

0 

0 

0 

0 

0 

80.0 

* 

N/A 

411,038 

19.04 

0 

0 

0 

0 

0 

80.0 

* 

N/A 

172,000 

20.80 

2,000 

1.18 

0.23 

1.85 

1.6? 

109.3 

100+ 

N/A 

225,000 

18.75 

6,200 

(2,400)** 

2.83 

O.l) 

0.52 

5.67 

(2.20) 

5.66 

84.8 

* 

N/A 

163,804 

12.30 

300 

0.18 

0.02 

0.20 

0.20 

120.0 

* 

N/A 

94,706 

16.  <.0 

625 

0.66 

0.11 

0.40 

0.38 

152.8 

100 

N/A 

14,100,000 

* 

3, 865 
(1,000) 

0.03 

* 

2.38 

2.64 

104.8 

1000+ 

N/A 

152,850 

13.54 

5.J75 

(3.350) 

3.64 

(2.2) 

0.48 

2.74 
(1- 71) 

3.04 

80.0 

1000 

N/A 

283,727 

24.60 

0 

0 

C 

0 

0 

108.0 

145 

N/A 

244,671 

10.24 

0 

0 

0 

0 

0 

80.0 

* 

N/A 

649,000 

20.23 

0 

0 

0 

0 

0 

80.0 

* 

N/A 

1,300,000 

15.83 

5,000 

0.33 

* 

0.50 

0.43 

80.0 

* 

N/A 

788,000 

20.00 

10,250 

0.96 

0.17 

1.03 

0.98 

80.0 

* 

N/A 

1,500,000 

4 

0 

0 

0 

0 

0 

80.0 

* 

N/A 

1,060,000 

17.26 

8,000 

2.34 

0.33 

0.73 

0.78 

270,0 

1000 

N/A 

1,266,000 

19.53 

0 

0 

0 

0 

0 

80 

* 

N/A 

350,000 

14.40 

0 

0 

0 

0 

0 

80 

500-3800 

N/A 

1,694,000 

27.50 

0 

0 

0 

0 

0 

80 

* 

N/A 

1,715,941 

17.16 

0 

0 

0 

0 

0 

80 

* 

N/A 

2, 500,000 

25.00 

0 

0 

0 

0 

0 

80 

* 

N/A 

1,800,000 

lb.  ’A 

0 

0 

0 

0 

l) 
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2,4  NATIONAL  SCHOOL  fallout  shelter  design  competition 
STRUCTURES9’10 " 

2-4.1  General  Description 

Data  presented  in  Table  2.5  is  based  on  structures  illus¬ 
trated  in  reference  This  publication  presents  a  series  of 
award  winning  school  concepts  which  have  resulted  from  the 
National  School  Fallout  Shelter  Design  Competition.  Since  the 
object  was  to  illustrate  the  concepts,  little  data  pertinent  to 
the  present  study  is  provided  These  concepts,  however,  were 
the  object  of  a  study  conducted  to  determine  their  capabili¬ 
ties  in  a  nuclear  weapons  environment  associated  with  direct 
effects  as  well  as  fallout.  It  is  from  this  publication  that 
the  majority  of  the  data  given  in  Table  2.5  was  extracted. 

This  latter  study  was  concerned  with  the  following  objectives. 

•  Examination  of  the  given  concepts  in  order 
to  determine  the  maximum  levels  of  inherent 
protection  against  thermal  radiation  and 
blast  induced  overpressure. 

•  Identification  of  advantages  and  disadvan¬ 
tages  of  each  such  concept. 

•  Recommendation  of  economic  design  modifi¬ 
cations  and  costs  thereof. 

Methods,  data  and  assumptions  employed  in  achieving  the  above 
objectives  are  briefly  summarized 

Since  the  architectural  plans  presented9  are  not  de¬ 
tailed  and  were  apparently  developed  using  codes  and  construc¬ 
tion  methods  typical  of  the  various  districts  of  origin,  certain 
structural  and  constructional  assumptions  needed  to  be  made. 

In  performing  structural  analyses  for  blast,  applicable  current 
state-of-the-art  procedures  and  data  were  employed.  Only  those 
structural  elements  were  analyzed  which  were  thought  to  be 
essential  to  the  structure  in  the  given  weapons  environment 
(10  MT  surface  burst).  Such  elements  included: 
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•  Roof  and  floor  systems. 

•  Exterior  walls,  and/or  columns, 

•  Interior  partitions. 

•  Building  frames 


facTT68  °f  determining  loadi"S  functions  on  exterior  sur- 
’  the  structures  were  considered  to  be  closed. 

As  far  as  thermal  considerations  are  concerned  the 
original  archicactural  „Um  „ere  developed  ^ 

thllr  ,  *  C°d'S  *PpUc*bIe  the  various  regions  of 

analysis  of"th  “"iforaity  in  the  thermal 

made  >“  structures,  the  foilowing  assumptions  were 


’  «?alkqiril  °'l  '"T5  following  a  nuclear 
ccacK  is  1)  thermal  radiation:  2)  blast 

fiS  i)”iadlthPti°SS!bplty  °f  secondary 

eo„rs“haclrr  °  S  ‘Self?  !““"' 

“p^ratJT'  T*”"^“‘SnS* 

separated  by  an  interval  of  time. 

*  Jf*  mad°r  fire-fighting  effort  will  take 

Lh  fhbetW6“  the  time  of  the  blast  effects 
and  the  arrival  of  radioactive  fallout. 

*  00  fire  storm  following  the 

numerous  68  WiU  be  widespread  and 

*  p11. structures  conform  to  Section  703  Fire 
Resistive  Construction  Type  B(NBFU)  ’Non 
combustible  construction' is  acceptable  but 
fire  resistive  construction  is  Referred 

"  per  ^r|t1ofdflWei8ht  °f  combustible  material 

iSuia^s  p£i^K^>Sr ' 

*’rPiS“°" of  18 

covered  by  exisU^building^odes^rg  n0t 
underground  educational  spaces).  '8'’ 
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Table  2.5 

NATIONAL  SCHOOL  FALLOUT  SHELTER  DESIGN  COMPETITION  SI 

(Conceptual  Studies) 


1 

2 

3 

4 

5 

6 

7 

Type 

of  Shelter 
Construction 

Total  Area 

Shelter 

Area 

Structure  Designation 

Shelter  Location 
nbove 

or  Below  Ground 

Shelter 

Capacity 

Structure 

sq  ft 

In 

sq  ft 

As  percent 
of  Total 
Area 

F  a  1 1  -  ou  t 
P.F . 

l. 

Grand  Prise 

R/C 

Below  Grade 

2,009 

43,200 

20,090 

46.3 

100  + 

2. 

First  Prise  -  Region  1 

R/C 

Under  Ground 

2,000 

43,000 

20,000 

46 . 6 

100  + 

3. 

Second  Prise  -  Region  1 

R/C 

Above  and 

Below  Grade 

2,468 

44,250 

24,680 

55.8 

100  + 

4. 

Third  Prize  -  Region  1 

Concrete  block 
walls  -  Pre- 
stressed  concrete 
roof 

Above  grade 
Protected  by  an 
Earth  berm 

1,584 

15,840 

15,840 

100.0 

100  + 

5. 

First  Prize  -  Region  2 

R/C  and  Concrete 
Block 

Above  Grade 

1,693 

28.334 

16,930 

60.0 

100  + 

6. 

Second  Prize  *  Region  2 

R/C 

Above  Grade 

* 

* 

* 

* 

100  + 

7. 

Third  Prize  •  Region  2 

Circular  School 
Heavy  Concrete  Roof 

Above  Grade 

1,457 

29.030 

14,570 

50.2 

100  + 

8. 

Certificate  of  Merit 
Region  2  -  Split  Level 

R/C 

Partially  Above 
and  Below  Sloping 
Grade 

* 

* 

* 

★ 

100  + 

9. 

First  Prize  -  Region  3 

R/C 

Above  Grade 

2,597 

32,820 

25,970 

79.0 

100  + 

10. 

Second  Prize  -  Region  3 

Native  Stone  and 
Mortar 

Depressed  Area 

* 

* 

* 

* 

100  + 

11. 

Third  Prize  -  Region  3 

R/C.  brick 

Above  Grade 

* 

* 

* 

* 

100  + 

12. 

Certificate  of  Merit 
Region  3 

* 

Above  Grade 

* 

* 

* 

* 

100  + 

13. 

First  Prize  -  Region  4 

R/C 

Above  Grade 

2,  J80 

32,720 

23,800 

72.8 

100  + 

14. 

Second  Prize  -  Region  4 

R/C 

Above  Grade 

* 

* 

* 

* 

100  + 

15. 

Third  Prize  -  Region  4 

* 

Above  Grade 

2,028 

44,890 

20,280 

45.2 

100  + 

16. 

Certificate  of  Merit 
Region  4 

Concrete 

Above  Grade 
Surrounded  by 

Earth  Berm 

* 

* 

* 

* 

100  + 

17. 

First  Prize  -  Region  5 

R/C 

Core  Type 

Partially 

Below  Grade 

* 

* 

* 

* 

100  + 

18. 

Second  Prize  -  Region  5 

R/C  and 

Concrete  Block 

Above  Grade 

1,920 

60,440 

19,200 

31.8 

100  + 

19. 

Third  Prize  -  Region  5 

R/C  and 

Concrete  Block 

Above  Grade 

1,953 

41,470 

19,530 

47.0 

100  + 

20. 

Certificate  of  Merit 
Region  5 

R/C 

Below  Grade 

* 

* 

* 

* 

100  + 

21. 

Certificate  of  Merit 
Region  5 

Above  Grade 

4,304 

43,040 

43,040 

100.0 

100  + 

22. 

First  Prize  -  Region  6 

Multilevel  Build ’ng 
Reinforced  Concrete 

Below  Grade 

* 

* 

* 

* 

100  + 

23. 

Second  Prize  Region  6 

Folded  plate  roof 
R/C  walls 

Above  Grade 

1,178 

33,500 

11,780 

35.2 

100  + 

24. 

Third  Prize  -  Region  6 

Folded  plate  roof 
Concrete  Block 

Walls 

Above  Grade 
(core  type) 

1.117 

32,240 

11,170 

36.4 

100  + 

25. 

Second  Prize  -  Region  7 

T-beam  roof, 
grouted  brick  walls 

Above  Grade 

1,388 

26,500 

13,880 

52.4 

100  + 

26. 

Third  Prize  -  Region  7 

Circular  Structure 
R/C  slabs 

Above  Grade 

* 

' 

* 

100  + 

*  Indicates  that  information  *s  not  available  **  "Upgrading"  as  used  herein  refers  to  modification  of  an  earlier  < 

Note;  Costs  appearing  in  this  table  are  as  given  in  reference  H 
see  reference  5  or  other  reliable  sources. 


R/C  Reinforced  concrete 


Table  2.5 

OOL  FALLOUT  SHELTER  DESIGN  COMPETITION  STRUCTURES9,10 
(Conceptual  Studies) 


ter  Location 
\bove 

slow  Ground 


Shelter 

Capacity 


Total  Area 
of  Parent 
Structure 

sq  ft 


Shelter  Area 


sq  ft 


Aa  percent 
of  Total 

Are* 


Incident  Overpressure 
Resistance 

p ,f.  Aa  Designated  As  Upgraded 


Coat  of  Upgrading 


Coat  per  >q  ft 
ot  Pi  rent  of 
Structure  Shelter 


"Upgrading"  as  used  herein  refers  to  modification  of  an  earlier  concept  which  exists  only  on  paper. 
Note:  Cost,  appears*  in  this  table  are  as  Riven  In  reference  10.  For  coat  adjust,eent 
•  ee  reference  5  or  other  reliable  sources. 
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•  With  the  exception  of  windowless  and  under¬ 
ground  buildings,  smoke  venting  will  be  pro¬ 
vided  primarily  by  doors  and  windows.  In  the 
event  of  a  nuclear  attack,  fallout  shelters 
would  be  threatened  by  1)  fires  resulting  from 
the  nuclear  blast;  2)  fires  resulting  from  ex¬ 
posure  to  flames  in  the  surrounding  area;  3) 
fires  initiating  within  the  shelter,  as  a  re¬ 
sult  of  either  blast  damage  or  accidental  ig¬ 
nition. 

Primary  references  consulted  included  the  following: 

"National  Building  Code"  New  York:  The 
National  Board  of  Fire  Underwriters,  1955. 

"Fire  Effects  of  Bombing  Attacks"  TM-9-2, 

1st  Ed.  Rev.,  Washington:  Department  of 
Defense,  Office  of  Civil  Defense,  August, 

1952. 

"Fire  Safety  to  Life.  Classification  Guide 
for  Fallout  Shelters"  OCD-PS-64-40  (unpub¬ 
lished  report  by  the  Factory  Mutual  Research 
Corporation,  Norv/ood,  Mass.). 

On  the  basis  of  architectural  data,  assumptions  afore¬ 
mentioned  and  references  consulted,  the  concepts  were  evaluated 
with  respect  to  the  assumed  thermal  environment.  Recommenda¬ 
tions  for  upgrading  were  subsequently  made  for  those  concepts 
for  which  sufficient  information  was  available.  Thermal  anal¬ 
yses  and  resulting  recommendations  were  of  a  qualitative  nature. 

As  far  as  nuclear  radiation  hazards  are  concerned,  due 
to  low  overpressure  levels  considered  in  the  analysis  (0  to  10 
psi  for  a  10  MT  surface  burst),  levels  of  initial  radiation  are 
insignificant.  With  respect  to  fallout  radiation,  the  original 
structures  were  designed  to  provide  a  protection  factor  in  ex¬ 
cess  of  100.  It  was  estimated  that  the  recommended  changes 
would  increase  these  factors  by  about  5  percent. 

In  terms  of  blast  protection,  this  group  of  structures 
belongs  to  that  category  of  dual-purpose  shelters  for  which, 
due  to  low  levels  of  overpressure,  blast  closures  are  not  con¬ 
sidered. 
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2.4.2  Discussion 

Coat*  given  In  Table  2.5  art  for  upgrading  tha  concapea 
In  question  to  tha  particular  overpressure  lavala  Indicated. 

They  are  thua  over  and  abova  tha  Initial  coat  which  would  Include 
•pacified  lavala  of  fallout  protection  (P.F.  lOOf).  Initial 
coata  of  thaaa  concept a  are  not  available.  The  tern  "upgrading" 
aa  used  here,  refera  to  reviaing  a  concept  which  exists  only  on 
paper.  Thia  la  not  the  aame  thing  aa  upgrading  an  existing 
atructura  which  would  be  a  great  deal  more  coatly.  The  given 
coatu  are  baaed  on  racoanandad  changea  and  Include  both  atruc* 
tural  and  thermal  conaidaratlona.  The  extent  of  thaaa  consld- 
aratlona  waa  dlacuaaad  in  tha  pravloua  aactlon.  Tha  coata  are 
baaed  on  labor  and  naterlala  In  tha  New  Orleana  area  and  Include 
contractor's  overhead,  profit  and  insurance.  Thua,  aa  to  type, 
they  correapond  to  thoae  dlacuaaad  and  uaed  in  the  preceding 
a act Iona  of  thia  report. 

The  achool  concepta  dlacuaaad  In  this  section  are  unique 
architectural  types.  It  appears  that  in  developing  then,  a 
great  deal  of  effort  was  expanded  In  utilizing  various  slanting 
methods  to  advantage.  They  are  good  examples  of  the  numerous 
techniques  that  can  be  applied  to  the  terrain  as  well  as  to  the 
structure  In  achieving  a  desirable  level  of  fallout  protection. 

It  is  thus  the  more  regrettable  that  costs  on  them  are  not  avail- 
able.  Such  coats  would  be  very  desirable  for  comparison  with 
those  of  ordinary  schools  as  well  as  those  of  references  1  and  2. 
The  fact  that  the  Inherent  level  of  blast  protection  Is  on  the 
average  about  2  psl  Is  not  surprising,  since  an  extreme  use  of 
slanting  techniques  for  fallout  does  not  necessarily  result  in 
stronger  structures  or  more  massive  structural  members. 

It  Is  not  entirely  clear  however  what  this  rated  (inher¬ 
ent)  overpressure  resistance  (2  psi,  etc.)  means  in  terms  of 
percent  survivors,  and  whether  che  "upgraded"  resistance  of 
these  concepts  has  the  same  or  a  different  meaning  with  respect 
to  shelteree  survivability.  A  classification  is  necessary  for 
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•  correct  (valuation  of  coat  effectiveness.  It  la  alao  not 
clear  how  much  thought  was  given  to  foundatlona  and  foundation 
aoil  condition#  in  upgrading  theae  concept#.  Thla  may  be  a 
algnif leant  coat  Influence. 

The  Influence  of  low  overpreaaure  aheltera  on  the  total 
coat  of  parent  atructurea  la  of  lntereat  and  can  be  determined 
approximately  if  it  la  aaaumed  that  the  given  upgrading  coat# 
(Table  2.5)  are  on  the  average  applicable,  in  the  initial  con- 
atruction  atage,  to  achoola  diacuaaed  earlier. ^,2  The  average 
upgrading  coat  to  the  direct  effecta  environment  of  10  pal 
(avari|(  for  Table  2.3)  la  $0.99  per  aq  ft  of  ahelter  area  or 
$0.52  per  aq  ft  of  total  achool  area.  The  average  coat  of  fall¬ 
out  aheltera  *2  la  $1.28  per  aq  ft  of  ahelter  area  or  $0.65  per 
aq  ft  of  total  achool  area.  Thla  laat  number  correaponda  to 
1.63  percent  of  total  achool  coat.  If  the  realatence  of  thla 
latter  group  of  aheltera  la  lncreaaed  to  10  pal,  the  average 
coat  increaaea  to  $1.17  per  aq  ft  of  total  area,  or  2.9  percent 
of  total  (direct  contract)  coat.  Thla  laat  number  may  now  be 
compared  to  other  coat  eatlmate  conatituenta.  Conalder  the 
average  percent  breakdown  of  direct  contract  coat  for  achoola* 
given  aa  followa. 


Item 

Costs 

Percent 

Structural,  Earthwork  and  Architectural 

76* 

Mechanical 

Heating  and  Ventilating 

10.7 

Plumbing 

6.1 

Electrical 

7.2 

*  Contractor's  overhead,  profit  and  insurance  are 
included  in  the  above  percentages. 


Although  detailed  information  is  not  available,  it  may 
be  safely  assumed  that  the  average  percent  breakdown  of  direct 
contract  costs  for  schools^*2  is  magnitude- wise  similar  to  the 
one  given  above. 
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It  was  concluded  earlier  that  generally  Che  fallout 
•belter  coat  influence  on  the  total  coat  la  of  "mlnor'blgnlflcance. 
In  the  light  of  the  dlecuaalon  it  appaara  that  if  a  low  level 
(8  to  10  pal)  of  blaat  protection  la  provided,  thia  concluaion 
la  not  aerloualy  affected.  Thua  in  the  light  of  available  data, 
it  oay  be  concluded  that  aignlflcant  increases  in  levels  of  pro¬ 
tection  can  be  obtained  by  means  of  relatively  minor  changes  In 
conventional  (fallout  protection  type)  concepts  at  moderately 
low  additional  costs.  Thia  la  significant  if  it  la  considered 
that  the  area  between  2  psi  and  10  pal  overpressure  contours  Is 
in  excess  of  270  aq  miles  for  a  10  MT  surface  burst.  The  prob¬ 
ability  of  survival  in  thia  area  is  quite  high  without  recourse 
to  special  mechanical  life  support  measures.  Such  contours  for 
a  large  city  (Chicago)  are  shown  in  Fig.  2.5.  It  will  be  noted 
that  the  area  between  the  contours  covers  e  relatively  large 
portion  of  the  city.  While  multiple  weapon  considerations 
strongly  affect  this  argument,  it  would  appear  that  a  strong 
and  continuing  interest  in  the  low  pressure  region  is  always 
Justified. 

Presuming  structure  survival  from  10  to  2  psi,  people 
can  be  affected  by  thermal  radiation,  debris  within  the  building, 
glass  fragments,  and  displacement  by  blast  winds.  Assuming 
sufficient  warning  is  given,  personnel  can  avoid  window  areas, 
which  would  minimize  thermal  radiation  f.nd  glass  fragments;  the 
displacement  effects  can  be  minimized  t/  Diving  personnel  lie 
on  the  floor,  reducing  exposure  to  blast  winds  and  likewise  the 
force  affecting  displacement.  Again  with  sufficient  warning, 
potential  debris  within  the  building  (ash  trays,  lamps,  books, 
pictures,  etc.)  could  be  removed  and  stored  where  it  would  have 
the  least  chance  of  being  accelerated  by  blast  winds. 

The  above  discussion,  however,  needs  to  be  considered 
in  the  light  of  the  following  observations.  In  upgrading  this 
set  of  concepts  it  was  assumed  that  there  will  be  no  large  scale 
fires  following  the  attack.  This  assumption  may  well  apply  in 
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Fig.  2.5  INCIDENT  OVERPRESSURE  CONTOURS  FOR  A  10  MT  SURFACE  BURST 


Ul 


certain  regions;  however  for  such  structures  located  in  a  large 
and  crowded  city,  this  la  no  longer  realistic.  Consideration 
should  be  given  for  devising  means  for  Increasing  the  survive* 
blllty  of  shelter  occupants  under  such  conditions.  <'*:  this  time 
it  would  be  difficult  to  estimate  what  the  additional  coft  would 
be.  Also,  es  has  been  mentioned  earlier,  duu  to  low  overpressures 
(10  pel  or  less),  blast  closures  were  not  considered  In  the  design 
of  these  shelters.  The  definition  of  low  overpressure  would  de* 
pend  In  part  on  the  physical  well  being  of  the  group  assigned  to 
a  particular  shelter.  Thus  In  some  cases  blast  closures  at  this 
level  of  overpressure  would  need  to  be  considered  in  order  to 
Increase  the  survivability  of  occupants.  Some  obvious  ceses 
where  this  would  apply  are  hospital  and  homes  of  the  aged  shelters. 
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2.5  COMITY  FALLOUT  SHELTERS  FOR  THE  COUNTY  OF  LOS  ANGELES11 
2.5.1  Cfnaral  Description 

In  order  to  Investigate  the  feasibility  of  protecting 
the  cltlcena  of  Loa  Angelea  County  agelnat  nuclear  fallout,  a 
atudy  of  five  prototype  fallout  aheltera  waa  performed.11  Theae 
aheltera  are  of  the  alngle*purpoae  typea  and  are  propoaed  to  be 
located  under  achoola  and  playgrounda.  The  altea  aerve  a  maxi¬ 
mum  radlua  of  1/2  mile,  or  15  min.  walking  distance  An  excep¬ 
tion  waa  made  In  areaa  of  aparae  population,  where  the  uae  of 
care  and  parking  appeara  to  t>«  neceaaary.  Five  apeclfic  altea 
were  aelected  In  order  to  develop  a  atandard  ahelter  dealgn 
under  varying  alte  condltlona  and  to  determine  the  effecta  theae 
condltlona  would  have  on  conatruction  coat. 

Two  baaic  ahelter  unite  (Fig.  2.6)  were  developed  (long 
and  abort) .  Each  la  a  box-type  permanent  reinforced  concrete 
atructure  having  an  8  ft  6  In.  ceiling  height.  The  roof  waa 
dealgned  to  carry  a  24  In.  earth  cover  plua  a  100  lb  per  aq  ft 
live  load.  Two-way  slaba  (without  beama)  were  apeclfled.  A 
"long  unit"  la  220  ft  long  and  haa  a  capacity  for  approximately 
1200  persona.  It  waa  eapecially  dealgned  for  use  under  football 
fields,  the  required  entrances  at  either  end  being  far  enough 
apart  to  span  the  field  and  side  line  areas.  The  "short  unit" 
is  more  suited  for  use  under  relatively  small  and  crowded  sites. 
This  unit  is  100  ft  long  and  has  a  capacity  for  approximately 
600  persons.  Both  units  are  60  ft  wide  and  have  identical  cross 
sections.  Each  of  these  units  was  further  developed  as  a  two 
level  structure.  Approximately  10  sq  ft  of  floor  space  was  pro¬ 
vided  for  each  occupant.  This  includes  the  areas  taken  up  by 
toilets  and  access  tunnels,  but  not  stairways  and  equipment 
rooms . 

Entrance  to  the  shelters  is  by  means  of  stairways  at 
each  end.  These  are  housed  within  circular  structures  with  re¬ 
inforced  concrete  roofs  and  earth  filled  masonry  or  concrete 
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Single  Units 

Fig.  2.6  TYPICAL  "SHORT"  SHELTER  UNIT,  COMMUNITY  FALLOUT 
SHELTERS  FOR  THE  COUNTY  OF  LOS  ANGELES l1 


block  will.  Blue  doors  in  provided.  The  entrance  structures, 
in  addition  to  stairways,  alio  house  ventilation  fane,  two-way 
radios,  periscopes,  air  supply  and  exhaust  vents.  The  space 
under  stairways  is  used  for  emergency  electric  generators.  In 
addition  to  the  entrances  at  either  end,  each  shelter  has  an 
escape  hatch  at  its  center  to  be  used  in  case  of  emergency. 

The  shelters  have  a  protection  factor  of  1000  against 
fallout  and  have  the  capacity  to  resist  blast  overpressure  of 
approximately  5  psi  when  analysed  in  accordance  with  the  con¬ 
cept  of  limit  design. 

The  basic  shelters  are  slsed  to  accommodate  three  76  in. 
bunks  end  to  end  between  columns.  The  bunks  are  76  in.  by  24  in. 
and  are  placed  four  high  except  along  the  walls  where  they  are 
three  high  to  allow  for  exhaust  ducts.  Each  of  the  five  shelters 
was  composed  of  such  basic  units  as  described  and  designed  to 
accommodate  the  residents  living  in  its  vicinity.  The  number  of 
persons  in  the  areas  considered  varies  from  2400  to  4800.  The 
proposed  shelters  are  briefly  described  below. 

Hollywood  High  School 

Hollywood  High  School  Is  a  typical,  crowded  high  school 
in  an  older  area.  The  required  shelter  capacity  la  4800.  The 
shelter  site  is  occupied  by  a  football  field  and  other  sports 
and  recreational  facilities.  The  shelter  consists  of  two  two- 
level  long  units.  Tunnels  leading  to  the  shelter  area  are 
shielded  and  can  be  used  for  extra  shelter  space. 

Southwest  Sportsman's  Park 

The  park  site  is  In  an  area  of  average  population  den¬ 
sity.  The  required  minimum  shelter  capacity  Is  2400.  The  shel¬ 
ter  site  Is  unused  but  may  be  developed  as  a  recreational  or 

parking  facility.  The  shelter  consists  of  two  one- level  long 
units. 
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Damn  Jr.  High  School 

This  typical  jr.  high  school  is  in  s  residential  area 
of  average  population  density.  Tha  required  shelter  capacity 
is  2400.  The  proposed  shelter  consists  of  two  two-story  short 
units. 

airnev  Elementary  School 

Birney  Elementary  School  is  typical  of  the  newer  schools 
in  the  Long  Beach  District.  Tha  required  shelter  capacity  of 
3600  is  provided  for  by  means  of  three  one- level  short  units. 

Antelope  Valiev  Jr.  College 

This  college  site  is  in  a  aemirural  area  having  approx¬ 
imately  2400  persons  within  a  driving  distance  of  two  miles. 

The  proposed  shelter  consists  of  one  two-level  long  unit  with 
extended  entrance  tunnels  to  conform  to  the  surface  parking 
pattern. 

The  essential  characteristics  of  these  shelters  are  sum¬ 
marized  in  Table  2.6.  Contract,  equipment  and  site  restoration 
costs  are  given.  These  costs  are  for  materials,  labor  and  equip¬ 
ment  for  the  year  1961  in  the  Los  Angeles  area.  It  is  assumed 
that  contractors  overhead,  profit  and  insurance  have  been  in¬ 
cluded.  Items  included  in  the  cost  numbers  are  outlined  below. 

•  Earthwork  and  Structure  (Contract) 

Site  clearance,  excavation,  backfill, 
compaction  and  grading. 

Reinforced  concrete  and  masonry  work. 

Dampproofing,  waterproofing,  expansion 
joints. 

Miscellaneous  metals,  doors  and  frames, 
hardware,  screens,  closures,  handrails, 
etc. 

•  Plumbing 

Water  supply  and  distribution  systems 
Liquid  waste  disposal  system 
Fuel  storage  and  piping  system 
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Table  2.6 

COhMJNXTY  FALLOUT  SHELTERS  FOR  THE  COUNTY 
(Feasibility  Study) 


l 

2 

3 

Structure  Designat Ion 

Capacity 

Number 

Of  Persona 

Cross  Area 
aq  ft 

Total  Volume 
cu  ft 

Hollywood  High 

School 

Hollywood.  Calif. 

b.r  j 

62,400 

sio.ooo 

Souchwaar 

Sport  .man' a  Park 

Loa  Angelea,  Calif. 

2,752 

27,520 

231.  ,000 

Dana  Jr.  High  School 
Arcadia,  CaTlf. 

2.509 

25.092 

213,000 

Bimay  Elementary 
School 

Long  Beach.  Calif. 

4,103 

41,028 

JAB, 000 

Antalope  Valley 

Jr.  College 

Lancaatar,  Calif. 

3,038 

30,384 

258,000 

* 

5 

8 

i 

l 

Hlnlausi 

Headroom 

ft 

Shaltar  Area 
par  Occupant 
ag  ft 

Shelter  Volume 
per  Occupant 
cu  ft 

f ai  loot 

?.r. 

Heniru'S 
(V-S"  of 
Kadl.H 
r*1 

8.5 

n 

85 

KUO 

N/A 

8.5 

10 

85 

N/A 

8.5 

10 

85 

ll’OO 

8.5 

10 

85 

lOOr 

•*/  A 

8.5 

10 

85 

lOl'O 

N/A 

Note:  For  further  coat  adjustment  tee  reference  5 
or  other  reliable  sources. 
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THE  COUNTY  OF  LOS  ANGELES 
:udy) 


7 

a 

• 

10 

fallout 

P.F. 

Hnlaa  Xnsld* 
Koto  of  Initial 
Radiation 
rad 

incident 

lealatanca 

pal 

Contract 

Cost 

dollars 

1000 

M/A 

j 

*41,077 

1000 

M/A 

i 

7*1,770 

1000 

M/A 

i 

191.10* 

1000 

M/A 

j 

117,007 

1000 

M/A 

5 

211. MO 
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11 

17 

13 

14 

11 

Contract  tqulpaant 
Cost  par  Cost 

•a  ft  dollars 

(Los  tags Its  Area 

Eaulpasnt 
Cost  par 
sq  ft 

•  1*41) 

Coat  o/  site 
Restoration 
dollar r 

Contract  Cost 
Chicago,  Hi. 
Area  (1944) 

/.ll 

2*0,211 

3.5:» 

20,990 

7.11 

(.11 

10*. 11* 

1.4* 

14,400 

4.07 

7.77 

112,19* 

4.50 

9,300 

7.70 

1.70 

1*1,147 

1.90 

24,401 

1.72 

7.10 

104,  MO 

1.41 

12,100 

7.12 

•  Electrical 

Normal  electric  aervice  system 
Telephone  service  system 

Equipment  (not  in  contract) 

e  General 
Bunks 

Tables  and  benches 

Periscopes 

Sinks 

Washstands 

Toilets 

Toilet  partitions 
e  Plumbing 

Heavy  duty  sump  pump  (3/4  H.P.,  115  volt 
single  phase  motor  and  accessories) 

e  Ventilation 

Supply  and  exhaust  blowers  and  motors 

Ducts,  grilles  and  dampers 

Filters 

Cooling  towers,  motors,  pumps,  coils 
and  piping 

•  Electrical 

Engine-generator  sets 
Lighting  fixtures 
Radios  and  antennas 
Radiation  detectors 
Intercom  system 
Clocks 
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2.5.2  Discussion 


Shelters  discussed  tn  this  section  were  treated  as 
single-purpose  types.  However,  they  are  of  interest  herein  for 
the  following  reasons.  These  structures,  should  they  become 
acceptable,  would  be  located  next  to  schools  and  park  playgrounds. 
Thus  located,  they  become  amenable  to  dual-use.  These  are  effi¬ 
ciently  laid  out  and  structurally  well  proportioned  concepts 
which  closely  resemble  conventional  construction.  With  minor 
mo<^f Ications ,  they  could  easily  serve  as  expanded  school  facil¬ 
ities  and  indoor  playground  recreation  areas.  Individual  units 
are  also  amenable  to  pre fabric  at Ion,  thus  some  level  of  cost 
reduction  may  be  possible. 

Also,  It  is  concluded  by  the  authors1*  that  such  shelters, 
if  located  In  parks  and  school  grounds,  could  provide  fallout  pro¬ 
tection  for  practically  all  of  the  citizens  of  Los  Angeles  County 
within  15  min  of  their  homes.  If  these  shelters  are  viewed  as 
dual-use  structures,  the  above  statement  Is  significant.  The 
construction  cost  increases  for  providing  fallout  shelters  in 
conventional  schools  or  conventional  ouildings,  at  least  for  the 
data  available,  ’  *  does  not  appear  to  exceed  8  percent  (Fig.  2.3 
and  2.4).  If  the  "Los  Angeles  shelter  concepts"  are  viewed  as 
dual-use,  and  If  it  is  assumed  on  the  strength  of  previous  data, 
that  the  Incremental  cost  increase  for  providing  a  fallout  shelter 
is  8  percent,  then  the  average  incremental  shelter  (contract) 
cost  (Table  2.6)  becomes  $  0.68  per  sq  ft  of  area  (for  the  year 
1964).  This  is  not  greatly  different  from  previous  data,  if  it 
is  considered  that  the  concepts  in  question  have  an  inherent  level 
of  blast  protection  of  5  psi.  Also,  if  it  is  possible  to  upgrade 
these  concepts  (in  the  preconstruction  stige)  as  cheaply  as  is 
stated  (in  reference  10)  then  they  certainly  appear  to  have  a 
definite  economic  potential  in  regions  of  low  overpressure.  It 
would  be  interesting  to  examine  this  potential  by  taking  contrac¬ 
tor  bids  on  these  concepts  in  several  large  cities  located  in 
different  parts  of  the  country. 
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Since  such  a  cask  is  beyond  the  scope  of  this  study,  the  costs 
(column  11,  Table  2.6)  were  historically  and  geographically 
adjusted  using  average  indices5  to  apply  to  several  large  cities 
and  are  given  in  the  table  below. 

AVERAGE  (1965)  CONTRACT  SHELTER  COSTS  FOR  SEVERAL  LARGE  CITIES11 
(Dollars  per  Sq  Ft  of  Shelter  Area) 


Shelter 

Designation* 

Los 

Angeles 

Chicago 

New 

Orleans 

New 

York 

Washington 

D.C. 

1 

7.81 

7.26 

6.32 

8.11 

6.80 

2 

9.72 

9.04 

7.87 

10.10 

8.45 

3 

8.54 

7.94 

6.91 

8.87 

7.42 

4 

9.56 

8.89 

7.74 

9.93 

8.32 

5 

7.80 

7.26 

6.32 

8.10 

6.78 

* 

See  Table  2.6 


This  table  only  serves  to  illustrate  possible  cost  variations 
and  the  fact  that  the  economy  of  a  given  shelter  system  is  strong¬ 
ly  influenced  by  local  conditions. 

As  far  as  resistance  to  large  scale  fires  is  concerned, 
this  was  not  explicitly  considered.  However,  since  these  struc¬ 
tures  are  to  be  located  under  playgrounds  and  football  fields, 
and  not  under  actual  buildings,  this  is  a  distinct  advantage 
in  overcoming  such  hazards . 
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2.6  DUAL-PURPOSE  FALLOUT  AND  BLAST  RESISTANT  SCHOOLS  AND 
COMMUNITY  SHELTERS12 » 13 » 14 » 15 » 16 


2.6.1  General  Description 

Three  types  of  dual-purpose  school  shelters  are  discussed 
in  this  section,  namely: 

•  above  grade  with  fallout  protection, 

•  below  grade  with  fallout  protection, 

•  below  grade  with  blast  protection. 

With  one  exception,  all  studies  discussed  herein  are  of  the  cost 
and  corceptual  type.  The  one  exception  is  an  existing  elementary 
school  in  use  at  this  time.  Major  school  facilities  considered 
in  the  conceptual  studies  include  conventional  type  classrooms, 
toilet  facilities,  equipment,  storage  and  general  activity  rooms. 
Such  facilities  as  cafeterias,  auditoriums,  gymnasiums  and  labor¬ 
atories  are  not  considered.  Capacities  of  these  structures  are 
based  on  approximately  10  sq  ft  per  occupant.  These  concepts 
are  adaptable  to  existing  structures  as  well  as  to  new  construc¬ 
tion. 

2.6.2  Above  Grade  Schools  with  Fallout  Protection  for 
300,  550  and  1100  Persons  “ 

Three  school  type  dual-use  shelters  with  capacities  of 
300,  550  and  1100  persons  were  considered.  They  are  windowless, 
strictly  above  grade  reinforced  concrete  structures  intended  to 
provide  protection  against  fallout  radiation  caused  by  the  deto¬ 
nation  of  megaton  range  nuclear  weapons. 

Structural  design  conforms  to  the  (1956)  ACI  Building 
Code,  including  the  appendix  on  ultimate  strength  design.  It 
is  based  upon  a  minimum  concrete  strength  of  3000  psi  for  the 
roof  system  and  columns  and  2500  psi  elsewhere.  The  reinforce¬ 
ment  conforms  to  ASTM  A432  which  has  a  minimum  yield  point  of 
60,000  psi. 
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The  roof  system  consists  of  a  one-way  (12  in.)  slab 
spanning  between  the  exterior  walls  and  longitudinal  corridor 
beams.  The  thicknesses  of  the  roof  and  16  in.  reinforced  con¬ 
crete  walls  are  governed  primarily  by  radiation  requirements. 
The  concepts  are  assumed  to  be  adequate  to  provide  protection 
against  blast  overpressures  on  the  order  of  1.5  psi,  and  have 
a  protection  factor  against  fallout  radiation  of  100.  It 
should  be  evident  that  in  terms  of  survivability  the  1.5  psi 
overpressure  resistance  given  here  has  a  different  meaning  from 

the  2  psi  resistance  discussed  in  connection  with  references  q 
and  10 . 

2-6-3  Below  Grade  Schools  with  Fallout  Protection  fnr 
350,  550  and  1100  Persons^-3 

Three  school  type  dual-use  shelters  with  capacities  of 
350,  550  and  1100  persons  were  considered  in  this  study.  They 
are  basement  type  reinforced  concrete  structures  intended  to 
provide  protection  against  fallout  effects  produced  by  megaton 
range  nuclear  weapons . 

As  in  the  previous  case,  the  structural  design  conforms 
to  the  (1956)  ACI  Building  Code  and  the  material  properties  of 
reinforced  concrete  and  steel  are  the  same.  The  roof  system 
consists  of  a  10  in.  one-way  slab  spanning  between  the  exterior 
walls  and  longitudinal  corridor  beams.  The  thickness  of  the 
slab  is  governed  primarily  by  fallout  radiation  requirements. 

The  concepts  are  assumed  to  be  adequate  to  provide  protection 
against  blast  overpressures  on  the  order  of  2.5  psi,  and  have 
a  protection  factor  against  fallout  radiation  of  100. 
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2.6.4  Below  Grade  Fallout  and  Blast  Resistant  Schools  for 
350.  550  and  1100  Persons1^ 

This  study  considers  three  basement  type  blast  resistant 
dual-purpose  shelters  with  capacities  of  350,  550  and  1100  per¬ 
sons,  for  each  of  the  three  overpressure  levels,  5,  25  and  50  psi 
The  structural  design  of  these  concepts  is  based  on  ultimate 
strength  theory  for  concrete  and,  Jn  most  cases,  is  controlled 
by  blast  loading.  The  strength  under  normal  loading  conditions 
meets  the  requirements  of  the  1956  ACI  Building  Code. 

The  basement  ceiling  system  of  the  5  psi  structure  con¬ 
sists  of  one-way  slab  spanning  between  the  exterior  walls  and 
longitudinal  corridor  beams.  For  25  and  50  psi  designs,  the 
basement  ceiling  spans  two  ways  between  transverse  and  longi¬ 
tudinal  reinforced  concrete  tilt  up  walls.  The  10  in.  slab  for 
the  5  psi  structure  is  governed  by  fallout  radiation  requirements 
and  affords  a  minimum  protection  factor  of  100.  This  factor  may 
be  somewhat  greater  depending  on  the  type  of  construction  of  the 
upper  level  school  and  the  relative  locations  of  the  interior 
partitions.  The  21  and  30  in.  roof  slab  thicknesses  of  the  25 
and  50  psi  basement  schools  are  based  upon  structural  require¬ 
ments  and  afford  the  required  radiation  protection  to  reduce  the 
initial  radiation  on  the  ground  surface  to  a  tolerable  level  of 
20  rads  or  less  within  the  shelter. 

The  interior  partitions  of  the  5  psi  shelter  are  of 
cinder  block  construction,  while  the  interior  partitions  of  the 
25  and  50  psi  shelters  are  reinforced  concrete  tilt-up  bearing 
walls.  In  the  25  and  50  psi  schools,  reinforced  concrete  par¬ 
titions  were  selected  to  serve  as  bearing  walls  and  to  provide 
lateral  resistance  against  ground  shock. 

The  thicknesses  of  the  main  structural  members  at  the 
various  pressure  levels  are  as  follows: 
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Thickness  at  Indicated  Pressure  Level 


Member  5  psi  25  psi  50  psi 


Roof  Slab 

10" 

21" 

30" 

Exterior  Walls 

10" 

10" 

• 

Corridor  Beam:  Width 

12" 

- 

. 

Depth 

3'-0" 

- 

- 

Concrete  Partitions 

- 

6" 

6" 

Columns 

12"  x  12" 

. 

. 

Exterior  Wall  Fts*(Width) 

1'  -  10" 

2'-0" 

4'-0" 

Interior  Wall  Fts  (Width) 

1'  -  6" 

3'-6" 

6 '  -6" 

Column  Fts  4' 

-0"  x  4 ' -0" 

- 

- 

*  Footing 


The  designs  are  based  upon  a  minimum  concrete  strength 
of  3000  psi  for  the  roof  system  and  columns  and  2500  psi  else¬ 
where  for  the  5  psi  basement  school,  while  concrete  strength  for 
the  25  and  50  psi  shelter  was  assumed  as  3000  psi  throughout. 
Reinforcement  conforms  to  ASTM  A432 .  Live  load  on  the  basement 
roof  was  taken  as  75  psf  for  classrooms  and  100  psf  for  corri¬ 
dors.  Dead  load  and  live  load  from  the  upper  level  roof  slab 
was  assumed  as  10  psf  and  40  psf,  respectively.  Debris  loading 
was  assumed  as  negligible  in  comparison  with  blast  load.  Allow¬ 
able  soil  bearing  capacity  was  taken  as  4  tons  per  sq  ft.  The 
equivalent  static  blast  load  on  the  basement  roof  was  assumed 
equal  to  the  peak  incident  overpressure  at  all  three  pressure 
levels  based  on  allowable  maximum  deformations  several  times  the 
peak  elastic  value. 

2.6.5  Costs 

Detailed  cost  estimates  are  provided  for  each  structure 
considered.  These  are  direct  contract  costs  and,  in  addition  to 
materials  and  labor,  include  25  percent  for  contractor's  profit 
and  overhead  contingencies.  It  is  assumed  that  they  are  based 
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on  average  suburban  values  for  the  year  1962.  ^>14  cost 
estimates  were  compiled  with  the  following  assumptions  In  mind. 

•  Normal  power  is  available  in  the  case  of 
fallout  shelters  and  not  available  in  the 
case  of  blast  shelters. 

•  Normal  foundation  conditions  (not  rock) 
exist. 

•  The  ground  water  table  is  below  founda¬ 
tions. 

•  Provision  for  air  conditioning,  which  may 
be  required  in  certain  zones,  is  not  in¬ 
cluded  in  the  cost  estimates. 

•  Normal  utility  lines  (water,  power,  sewer¬ 
age)  are  assumed  to  be  available  immediately 
adjacent  to  the  construction  prior  to  an 
attack. 

Final  costs  as  well  as  other  shelter  characteristics  are  given 
in  Table  2.7. 
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Table  2.7* 


DUAL-PURPOSE  FALLOUT  AND  BLAST  RESISTANT 
(Conceptual  Studies) 


1  2 

3 

4  5 

6 

7 

Capacity 

Number 

Structure  Designation  of  Persons 

Gross  Area 
sq  ft 

Min imum 

Total  Volume  Headroom 
cu  ft  ft 

Shelter  Area 
per  Occupant 
sq  ft 

Shelter  Vol 
per  Occupa 
cu  ft 

1.  Above  grade  schools 
with  fallout  shelter 
(reference  12) 

2.  Below  grade  schools 
with  fallout  shelter 
(reference  13) 

3.  Below  grade  blast 
resistant  schools 
(reference  14) 


4.  Abo  School 

a  below  ground  school 
and  community  shelter 
for  2400  persons. 
Artesia,  New  Mexico 
(reference  15) 


300 

3,600 

32,400 

9 

10 

90 

550 

6,180 

55,620 

9 

10 

90 

1,100 

12,260 

10, 340 

9 

10 

90 

350 

4,140 

37,260 

9 

10 

90 

550 

6,440 

57,960 

9 

10 

90 

1,100 

12.260 

110,340 

9 

10 

90 

350 

4,140 

37.260 

9 

10 

90 

350 

4.14h 

37,260 

9 

10 

90 

350 

4,140 

37,260 

9 

10 

90 

550 

6,440 

57,960 

9 

10 

90 

550 

6,440 

57,960 

9 

10 

90 

550 

6,440 

57,960 

9 

10 

90 

1,100 

12,260 

110,340 

9 

10 

90 

1,100 

12,260 

110,340 

9 

10 

90 

1,100 

12,260 

110,340 

9 

10 

90 

2,400 

33,767 

314,033 

9.3 

10.05 

93.77 

N/A  Not  applicable 

*  Structures  1,  2  and  3  are  conceptual  studies  while  structure  4 
is  an  existing  school 

**  Costs  given  are  based  on  average  suburban  values  for  1962  and  are 

subject  to  local  variations.  They  Include  25  percent  for  contractor's 
profit  and  overhead  contingencies  in  the  case  of  (1,2  and  3)  and 
25  percent  in  the  case  of  (4),  For  purposes  of  adjusting  costs 
refer  to  reference  5. 
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AST  RESISTANT  SCHOOLS12'13*14*15 
idles) 


>  7  8 

Area  Shelter  Volume 


per  Occupant 
cu  ft 

Fsllout 

P.F. 

90 

100 

90 

100 

90 

100 

90 

100 

90 

100 

90 

100 

90 

100 

90 

100 

90 

100 

90 

100 

90 

100 

90 

100 

90 

100 

90 

100 

90 

100 

93.77 

1000 

9  10  11  12  13 

Maximum  Inside  Incident  Percent  Unit  Cost 

Dose  of  Initial  Overpressure  Contract**  Increase  over  that 

Radiation  Resistance  Cost  Cost  per  for  Fallout 

ra“  Pal  dollars  sq  ft  Protection  Alone 


N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

20 

20 

20 

20 

20 

20 

20 

20 

20 


N/A 


Fallout 


1.5 

74,260 

20.60 

1.5 

110,050 

17.80 

1.5 

Fallout 

198,880 

16.20 

2.5 

63,640 

15.40 

2.5 

90,480 

14.00 

2.5 

163,795 

13.40 

5 

72,600 

17.40 

13.0 

25 

87,560 

21.20 

37.6 

50 

110,780 

26.80 

74.0 

5 

100,700 

15.60 

11.4 

25 

121,040 

18.80 

34.3 

50 

154,440 

24.00 

71.4 

5 

177,180 

14.50 

6.7 

25 

212,750 

17.40 

29.8 

50 

271.410 

22.10 

65.0 

5 

459,980.0 

13.61 

2-7  L  BELOW  GROUND  SCHOOL  AND  COMMUNITY  SHELTER  FOR  2400 
PERSONS.  ARTESIA.  NEW  MEXICO15 

2.7.1  General  Description 

This  is  an  existing  basement  type  reinforced  concrete 
structure  designed  as  an  educational  facility  with  features  for 
protection  from  fallout  gamma  radiation  caused  by  the  detonation 
of  megaton  range  nuclear  weapons.  It  has  a  capacity  of  540  pu¬ 
pils  when  functioning  as  a  school,  and  about  2400  persons  when 
functioning  as  a  shelter.  In  addition  to  fallout  protection 
(protection  factor  of  over  1000),  it  can  withstand  an  overpres¬ 
sure  of  about  5  psi.  The  school  is  shown  in  Fig.  2.7  and  is  very 
similar  to  those  described  in  references  13  and  14. 

The  structure  is  recessed  into  the  earth  with  the  roof 
slab  (15  in.,  two-way)  exposed  so  that  the  school  function  can 
make  use  of  it  for  recreational  purposes.  The  supporting  col¬ 
umns  are  spaced  at  28  ft  10  in.  intervals.  This  dimension  is  a 
function  of  the  classroom  size.  The  design  is  based  on  a  mini¬ 
mum  concrete  strength  of  3000  psi  and  50,000  psi  yield  point  re¬ 
inforcing  steel.  The  design  conforms  to  the  ACI  Building  Code 
including  criteria  for  ultimate  design.  The  exterior  auxiliary 
doors  and  filters  can  withstand  and  function  after  being  sub¬ 
jected  to  5  psi  incident  overpressure.  The  school  has  a  gross 
floor  area  of  33,767  sq  ft. 

The  contract  cost  of  the  school  (25.6  percent  for  con¬ 
tractors  profit  and  overhead  contingencies)  was  $459,980  or 
$13.61  per  sq  ft  of  gross  area.  It  is  assumed  herein  that  bids 
were  taken  in  1961.  The  difference  in  cost  between  school  only 
and  school  and  fallout  shelter  is  given  as  $126,619,  or  $3,76 
per  sq  ft.  This  corresponds  to  a  cost  increase  of  27.6  percent 
and  is  significantly  greater  than  corresponding  values  given 
earlier  (Tables  2.1  and  2.2). 
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a)  Underground  Plan,  Showing  Furniture  Arrangement 
for  Survival  Condition 
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b)  Cross  Section  Elevation 


Fig.  2.7  ABO  ELEMENTARY  SCHOOL  AND  COMMUNITY  SHELTER15 
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2.7.2  Discussion 


In  designing  the  "school  and  shelter"  structures  des¬ 
cribed  only  the  very  basic  educational  and  service  facilities 
were  considered.  These  included: 

•  classrooms, 

•  basic  wiring  and  plumbing, 

•  toilet  facilities  and 

•  storage  space. 

Gymnasiums,  auditoriums,  and  kitchens  or  cafeterias  were  not  in 
eluded.  It  was  assumed  that  recreational  activities  would  take 
place  outdoors.  Considered  as  educational  facilities  then 
these  structures  may  be  classified  as  supplementary  classroom 
space  for  existing  large  schools,  or  as  complete  self-contained 
schools  serving  small  rural  communities.  Viewed  in  this  light 
costs  (Table  2.7)  should  generally  be  comparable  to  those  given 
for  conventional  schools  in  Tables  2.1  and  2.2  and  Fig.  2.2. 

An  approximate  comparison  indicates  that  as  school  costs  go, 
those  given  in  Table  2.7  are  not  greatly  different.  This  may 
be  rather  significant  if  it  is  considered  that  the  concepts  in 
question  were  designed  with  a  substantial  level  of  blast  resis¬ 
tance  (1.5  to  50  psi)  in  addition  to  fallout  protection.  As 
far  as  incremental  costs  are  concerned,  this  is  known  only  in 
the  case  of  Abo  school,  for  which  the  incremental  cost  increase 
due  to  providing  fallout  protection  is  27.6  percent.  In  the 
case  of  conventional  schools1’2  the  corresponding  cost  increase 
does  not  exceed  8  percent,  and  in  the  majority  of  the  cases 
ta  ulated,  is  less  than  A  percent  (Fig.  2. A).  In  comparison  the 
Abo  school  shelter  appears  expensive,  however,  we  are  not  really 
comparing  like  shelters.  In  the  case  of  conventional  schools, 
the  shelters  are  located  either  in  basements  or  in  centrally  lo¬ 
cated  areas  when  basements  are  not  available.  In  either  case, 
the  shelter  walls  or  roof  are  not  directly  exposed  to  radiation. 
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Addition  1  mass  is  provided  by  multiple  floors  and  walls.  In 
the  cas«  of  Abo  school,  the  roof  slab  is  directly  exposed  to 
radiation  and  the  entire  structure  has  5  psi  overpressure  resis¬ 


tance  in  addition  to  lallout  protection.  The  fallout  protection 
factor  in  this  case  is  also  much  larger  than  that  of  conventional 
schools.  ’  The  type  of  architectural  concept  considered  as  well 
as  the  degree  of  protection  provided  should  account  for  the 
larger  additional  cost. 


Size  may  be  a  significant  cost  influence  as  far  as  unit 
costs  are  concerned.  It  will  be  noted  that  in  terms  of  size, 
the  "school  shelter  structures" under  discussion  are  on  the  lower 
end  of  the  scale  when  compared  to  those  given  in  Tables  2.1  and 


2.2.  Unit  cost  may  be  decreased  by  seeking  an  optimum  shelter 
size  (see  Fig .  2.8). 


Variation  of  shelter  cost  with  overpressure  is  given  in 
Fig.  2.9  and  2.10.  It  is  interesting  to  note  that  blast  protec¬ 
tion  (blast  doors  included)  in  the  neighborhood  of  5  psi  can  be 
obtained  at  a  cost  about  5  percent  higher  than  that  expended  for 
fallout  protection  alone.  Considering  that  this  would  decrease 
with  increasing  floor  area,  this  number  is  generally  comparable 
to  shelter  costs  discussed  in  connection  with  reference  1C. 

Cost  of  additional  blast  protection,  however,  increases  substan¬ 
tially  and  is  well  over  60  percent  at  50  psi  overpressure.  It 
appears  that  in  order  to  reduce  this  unit  cost,  one  influencing 
factor  would  be  an  increased  shelter  size  or  the  addition  of 
conventional  superstructures. 
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Total  Area,  sq  ft 


Fig.  2.8  VARIATION  OF  TOTAL  CONTRACT  COST  WITH  TOTAL  AREA 
(Dual-Purpose  Schools) 12, 13, 14 


I 
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Cost  per  sq  ft  of  Gross  Shelter  Area,  dollars  (Average  Suburban  Values  for  1962) 


Fig.  2.9  VARIATION  OF  SHELTER  COST  WITH  OVERPRESSURE 
(Dual-Purpose  Schools) 12 , 13,14,15 
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Fig.  2.10  VARIATION  OF  SHELTER  COST  INCREASE  WITH  OVERPRESSURE12'13*14 
(See  Table  2.7) 


2-8  PROTECTIVE  SHELTERS  IN  CHURCHES17 


Cost  data  presented  in  this  section  was  obtained  from 
reference  17 .  This  publication  is  a  professional  guide  which 
deals  in  a  general  manner  with  the  subject  of  incorporating 
fallout  radiation  shelters  into  churches.  In  addition  to  a 
discussion  concerned  with  the  justification  of  adapting  such 
structures  to  dual-use  and  the  technical  means  of  doing  so, 
five  design  examples  are  presented.  Expected  additional  costs 
for  including  shelters  are  also  given.  However,  since  the  ex¬ 
amples  are  meant  only  to  provide  guidance  in  this  area  of  de¬ 
sign,  much  of  the  cost  information  pertinent  to  the  study  at 
hand  is  not  included.  It  is  felt  that  for  reasons  given  below, 
these  structures  are  worthy  of  consideration  as  dual-purpose 
shelters. 

At  least  one  church  is  found  in  every  community  and  is 
frequently  located  at  its  geographic  center.  Often  a  church  is 
the  most  solidly  constructed  building  in  the  community.  In  many 
cases  church  schools  are  located  in  close  proximity  to  them. 
Often  food  preparation  facilities  and  first  aid  equipment  exist 
on  the  premises. 

In  the  past,  during  natural  disasters  such  as  earth¬ 
quakes,  flood,  tornadoes,  etc.,  churches  have  served  as  shelters 
for  displaced  persons,  as  field  hospitals,  food  and  medical  sup¬ 
plies  distribution  centers,  etc.  It  is  reasonable  to  expect 
that  similar  leadership  will  be  exerted  by  them  in  the  event  of 
an  emergency  arising  from  a  nuclear  weapons  attack.  Five  design 
examples  are  briefly  described  here.  The  examples  are  general 
and  costs  are  given  without  reference  to  year  or  specific  locali¬ 
ty.  A  comparison  of  costs  is  presented  in  Table  2.8.  Even 
though  the  costs  are  incomplete  and  shelter  descriptions  general 
they  are  valuable  for  two  reasons,  1)  they  represent  an  addi¬ 
tional  dual-purpose  concept  and  2)  they  describe  some  of  the 
means  of  making  this  economically  feasible. 
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Table  2.8 

PROTECTIVE  SHELTERS  IN  CHURCHES17 
(Feasibility  Studies) 
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2.8.1  Design  Example  No.  I.  Above  Ground  Shelter  in  Church 


This  example  considers  an  above  ground  caurch  having  a 
congregation  seating  capacity  of  1000.  The  church  has  a  gross 
area  of  about  15,150  sq  ft.  Due  to  increased  thicknesses  of 
various  structural  members,  the  church  as  a  shelter  has  a  fall¬ 
out  radiation  protection  factor  of  over  100.  Chemical  and  bio¬ 
logical  filters  are  Included  in  the  air-conditioning  system. 
Emergency  generators  are  provided.  The  additional  construction 
cost  of  such  a  shelter  in  the  central  United  States  is  estimated 
at  $56,000. 

2.8.2  Design  Example  No.  II,  Above  Ground  Shelter  in  a 
Growing  Plan 

Many  churches  must  be  planned  to  grow  with  their  con¬ 
gregations.  The  planning  must  conform  to  existing  needs  and 
means,  yet  provide  flexibility  for  future  additions.  This  ex¬ 
ample  indicates  ways  that  shelter  can  be  included  in  this  plan¬ 
ning. 

In  its  initial  phase  the  building  is  suited  to  a  congre¬ 
gation  of  up  to  200  persons.  The  central  multiuse  and  chapel 
space  will  seat  1J5  in  assembly  or  100  at  tables  for  eating. 
Movable  partitions  permit  the  three  classrooms  to  become  a  sin¬ 
gle  large  space  capable  of  seating  an  additional  60.  For  the 
first  few  days  of  the  emergency  period  following  an  attack,  all 
sleeping,  eating  and  other  activities  would  be  confined  to  the 
multipurpose  space.  After  the  radiation  hazard  decreases  it 
will  be  possible  to  make  some  use  of  the  classrooms  to  relieve 
overcrowding.  Toilet  rooms  and  kitchen  will  be  adequate  for 
emergency  use.  The  mechanical  space  below  these  areas  is  large 
enough  to  accommodate  future  additions  to  the  heating  system  as 
well  as  chemical  and  biological  filters,  cooling  coils  to  con¬ 
dition  the  air  supply,  a  diesel  generator,  a  well  pump  and  a 
hydro-pneumatic  tank  where  conditions  are  such  as  to  require 
their  use.  A  thick  concrete  folded  plate  roof  provides  over¬ 
head  protection  for  the  shelter  area. 
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The  second  phase  of  construction  adds  at  one  side  of  the 
original  structure  a  church  capable  of  seating  a  congregation 
of  330,  and  two  large  classrooms  under  a  mezzanine  at  the  rear 
which  can  be  opened  to  the  church  to  provide  additional  seating. 
Two  additional  classrooms  and  administrative  offices  are  added 
at  the  opposite  side  of  the  original  structure.  While  no  new 
shelter  space  is  added  at  this  time,  the  existing  shelter  is 
now  completely  surrounded  and  has  an  improved  protection  factor. 
It  now  becomes  the  fellowship  hall  of  the  enlarged  building. 

'  ie  third  phase  adds  more  classrooms  and  a  library- 
lounge  space.  The  latter  is  designed  to  furnish  additional 
shelter  and  has  a  thick  concrete  folded  plate  roof  similar  to 
that  of  the  fellowship  hall.  The  two  shelters  are  connected 
by  the  area  under  the  mezzanine  at  the  rear  of  the  church. 

The  final  phase  adds  a  fellowship  hall  at  the  rear  of 
the  church  large  enough  for  team  games  or  to  seat  400.  The  new 
construction  gives  additional  protection  to  the  shelter  area 
under  the  church  n.  -.zanine.  It  is  estimated  that  the  increase 
in  construction  cost  to  provide  the  first  unit  of  shelter  would 
amount  to  $8000.  The  increase  in  cost  of  the  final  building  to 
provide  all  of  the  shelter  would  amount  to  $13,500. 

2.8.3  Design  Example  No.  Ill,  Semiunderground  Shelter  in  an 
Initial  Unit 

Many  new  congregations  start  their  church  building  with 
a  fellowship  hall,  which  is  usually  less  expensive  to  build  than 
a  church  and  more  flexible  to  use.  In  this  example,  the  hall  is 

large  enough  to  use  as  a  gymnasium  and  can  serve  as  a  temporary 

church  for  a  congregation  of  700.  The  floor  is  below  ground 

level  and  as  a  result,  the  surrounding  earth  helps  to  protect 

the  shelter  area.  Shielding  overhead  is  provided  by  a  thick 
concrete  folded  plate  roof.  The  only  windows  are  small  tri¬ 
angular  openings  with  fixed  glass  directly  under  the  roof  gables. 
Exits  are  protected  by  deep  areaway s. 
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A  circular  above  ground  classroom  wing  is  connected  to 
the  fellowship  hall  by  a  service  area  containing  toilet  rooms, 
kitchen,  storage  areas  and  mechanical  space,  all  partially  be¬ 
low  ground  level.  The  central  portion  of  the  classroom  wing  is 
protected  by  the  surrounding  rooms  and  another  thick  concrete 
folded-plate  roof.  This  part  of  the  shelter  contains  a  library- 
lounge  area  and  administrative  offices.  Classroom  windows  are 
kept  to  a  minimum  in  the  expectation  that  some  use  can  be  made 
of  the  classrooms  to  relieve  overcrowding  after  the  first  few 
days  in  the  shelter. 

Mechanical  systems  and  equipment  are  similar  to  those 
of  the  previous  design  examples.  The  toilets  provided  for  the 
normal  use  of  the  building  will  be  adequate  for  all  but  the  most 
crowded  conditions.  It  is  estimated  that  the  increase  in  con¬ 
struction  cost  to  provide  shelter  would  amount  to  $29,000. 

2.8.4  Design  Example  No.  IV,  Below  Ground  Shelter  in  a 
Church  Addition 

In  this  example,  a  building  containing  a  fellowship  hall, 
classrooms  and  a  church  for  a  congregation  of  720  is  planned  as 
an  addition  to  an  existing  structure  containing  classrooms  and 
a  small  chapel.  The  shelter  area  includes  the  classrooms  and 
fellowship  hall,  which  are  below  ground  level  and  beneath  the 
church.  The  shelter  is  protected  by  the  surrounding  earth  and 
by  the  overhead  mass  of  the  church  floor  and  roof.  Since  the 
classrooms  have  no  conventional  exterior  windows,  visual  inter¬ 
est  is  directed  inward  to  the  large  open  central  area  of  the 
fellowship  hall.  Ample  lighting  and  colors,  textures  and  plant 
material  contribute  to  the  attractiveness  of  the  area.  Small 
windows  at  the  ceiling  line  of  the  classrooms  maintain  a  degree 
of  orientation  with  the  outside  and  improve  the  psychological 
climate  of  these  rooms. 
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Under  conditions  of  emergency  ocuupancy,  the  classrooms 
would  be  used  as  segregated  sleeping  areas;  the  choir  room,  as 
an  infirmary;  and  the  central  area,  as  space  for  dining  and  gen¬ 
eral  activity.  Chemical  toilets  or  disposable  units  would  be 
required  to  supplement  the  facilities  provided  for  normal  use. 

The  roof  above  the  church  is  a  thin  concrete  shell  struc¬ 
ture  supported  on  concrete  rigid  frames.  Exterior  glass  is  min¬ 
imal  and  it  is  probable  that  some  use  can  be  made  of  the  church 
to  relieve  overcrowding  after  the  first  few  days.  The  floor  of 
the  church  is  a  heavy  concrete  slab  of  uniform  thickness.  Since 
the  normal  construction  provides  adequate  protection  for  the 
shelter  area,  providing  shelter  under  the  same  conditions  as 

in  the  previous  examples  would  involve  no  increase  in  construc¬ 
tion  cost. 

2'8'5  Pgglfi"  Example  No.  ^.Shelter  in  an  Existing  Building 

In  this  example  of  an  existing  building  on  a  city  lot, 
the  fellowship  hall  in  the  basement  is  remodeled  to  make  a  shel¬ 
ter  for  600  persons.  The  steel  beams  supporting  the  church 
floor  above  the  shelter  are  strengthened  by  adding  steel  angles 
in  order  to  support  the  extra  weight  of  8  in.  of  solid  concrete 
overhead  shielding  in  the  form  of  precast  panels.  The  bottom 
surface  of  the  panels  Is  finished  to  form  a  new  ceiling  and  new 
surface -mounted  lighting  fixtures  are  installed.  Although  rela¬ 
tively  small  amounts  of  radiation  would  enter  through  the  deep 
areaways  at  the  basement  windows,  they  are  easily  and  effectively 
blocked  by  stacking  masonry  units  or  sandbags  on  boards  laid 
across  at  the  top. 

The  fellowship  hall  is  already  air-conditioned,  and  no 
change,?  are  required  in  the  ventilation  system  other  than  the 
addition  of  filters  in  the  fresh  air  intake  and  minor  modifica¬ 
tions  to  the  ductwork.  The  building  is  also  equipped  with  emer¬ 
gency  lighting  but  does  not  have  adequate  capacity  to  operate 
the  ventilating  equipment.  Because  it  appears  probable,  in  this 
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Instance,  that  normal  electrical  se-vice  to  the  building  would 
be  Interrupted  for  the  duration  of  the  emergency,  additional 
generator  capacity  and  fuel  supply  must  be  provided. 

Emergency  water  supply  is  from  a  well  and  hydro-pneuma¬ 
tic  tank.  It  is  separated  from  the  public  water  supply  system 
in  such  a  way  that  a  connecting  piece  can  be  Inserted  to  intro¬ 
duce  well  water  to  the  system  after  the  public  supply  has  been 
cut  off.  Costs  of  remodeling,  including  emergency  power  and 
a  well,  are  estimated  at  $15,900. 
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2.9  AUSTERE  COMMUNITY  FALLOUT  SHELTER 

Data  contained  in  this  section  was  obtained  from  refer¬ 
ence  18.  This  reference  describes  a  low-cost  rectangular,  above 
ground  dual-purpose  protective  shell  with  immediate  utility  as 
a  fallout  shelter.  The  basic  configuration  is  sufficiently 
flexible  to  be  customized  for  purposes  such  as  light  storage 
warehouse,  assembly  plant,  etc.  A  prototype  of  such  a  structure 
with  P.F.  of  100  is  described  below. 

•  Use  was  made  of  20  ft  bay  modules,  the 
prototype  structure  is  three-bays  wide 
and  four-bays  long  (60  x  80  ft  inside 
dimensions).  This  will  provide  shelter 
space  for  about  500  persons . 

•  Filled  cavity  walls,  24  in.  thick,  pro¬ 
vide  required  wall  mass  for  fallout 
shielding  and  permit  block  lay-up  with¬ 
out  cutting  or  waste. 

•  Open-web  steel  joists  and  steel  girders 
on  Lally  columns  support  corrugaged  sheet 
metal  decking,  which,  in  turn,  is  covered 
by  1  ft  of  select  fill  and  a  3  in,  layer 
of  reinforced  concrete. 

9  Minimum  electrical  and  ventilation  equip¬ 
ment  was  provided. 

Construction  costs  of  the  basic  protective  shell,  including 
5  percent  for  contractors'  contingencies,  but  excluding  engi¬ 
neering  fees,  are  $39,700  or  $7.88  per  sq  ft.  The  clear  floor 
area  is  4800  sq  ft.  Assuming  that  this  structure  is  used  as  a 
warehouse,  the  credit  for  such  utility  may  be  taken  as  approxi¬ 
mately  $4.25  per  sq  ft.  The  net  construction  cost  of  the  shel¬ 
ter  becomes  $3.63  per  sq  ft.  This  structure  was  scheduled  for 
completion  in  June  1965,  it  is  assumed  thus  that  the  costs  are 
for  midyear  1964,  in  the  area  of  Washington,  D.C. 
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2.10  DUAL-PURPOSE  SUBURBAN  COMMUNITY  CENTERS 


19,20 

2.10.1  General  Description 

As  in  the  case  of  reference  13,  shelters  discussed  herein 
are  basement  type  reinforced  concrete  structural  concepts  designed 
to  provide  protection  against  associated  effects  of  megaton  range 
nuclear  weapons.  These  structures  were  designed  to  serve  as 
community  shelters  during  normal  occupancy  and  as  protective 
shelters  in  times  of  emergency.  Possible  uses  of  such  community 
centers  are  as  recreation  halls,  religious  facilities,  etc. 

Three  designs  with  capacities  of  100,  500  and  1000  per¬ 
sons  were  considered.  Each  was  designed  and  costed  for  four 
nuclear  weapons  environments  characterized  by  fallout  radiation 
and  5,  25  and  50  psi  blast  induced  overpressures.  All  designs 
considered,  conform  to  the  ACI  Building  Code  including  the  pro¬ 
visions  on  ultimate  strength  design.  They  were  based  upon  a 
minimum  concrete  strength  of  3000  psi  for  the  roof  system  and 
columns,  and  2500  psi  elsewhere  in  the  case  of  the  fallout  and 
5  psi  designs.  In  the  case  of  25  and  50  psi  shelters,  3000  psi 
concrete  was  specified  to  be  used  throughout.  Reinforcement  in 
each  case  conforms  to  ASTM  A432. 

In  the  case  of  the  design  treating  fallout  radiation 
alone,  the  basement  ceiling  system  consists  of  a  two-way  (10  in.) 
flat  slab  spanning  between  exterior  walls  and  interior  columns. 

The  thickness  of  the  slab  is  governed  primarily  by  fallout  radi¬ 
ation  requirements.  Thicknesses  of  various  structural  members 
in  shelter  concepts  where  blast  protection  was  considered  are 
given.  The  ceiling  height  in  all  cases  is  9  ft  and  is  based  on 
normal  occupancy  considerations.  Cubage  thus  supplied  exceeds 
65  cu  ft  per  person. 
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Thickness 

at  Indicated  Pressure  Level 

Member 

5  psi 

25  psi 

50  psi 

Roof,  Slab 

12" 

21" 

36" 

Drop  Panels 

- 

6" 

9"* 

Columns 

12"xl2" 

2'-0"x2'-0"  V 

'  -6"x2 1 -6" 

Exterior  Walls 

8" 

8" 

8" 

Exterior  Wall  Footings 
(Width) 

l'-8" 

l’-10" 

3'-10" 

Interior  Wall  Footings 
(Width) 

r-6" 

l'-6" 

r-6" 

Column  Footings  6  1 

'  -6"x6 ' -6" 

12'-6"xl2'-6"  18' 

-0"xl8'-0" 

Note:  6  in.  for  100  person  shelter  and  9  in.  for  500  and  1000 
person  shelters. 


Even  though  not  specifically  provided  for,  fallout  shel¬ 
ters  discussed  herein  are  assumed  to  possess  a  blast  overpressure 
resistance  of  1.5  psi.  It  again  should  be  evident  that  in  terms 
of  survivability  the  1.5  psi  overpressure  resistance  given  here 
has  a  different  meaning  from  the  2  psi  resistance  discussed  in 
connection  with  references  9  and  10  .  All  shelters  considered 
have  a  protection  factor  against  fallout  radiation  of  100.  Blast 
shelters  have  the  capacity  to  reduce  initial  radiation  on  the  in¬ 
side  to  20  rads.  A  typical  basement  layout  is  given  in  Fig.  2.11. 

The  mechanical  ventilating  system  is  based  on  a  single 
zone  supply  air  system  for  open  areas.  The  supply  air  quantity 
is  based  on  an  air  delivery  of  15  cfm  per  person,  of  which  10  cfm 
is  fresh,  and  the  balance  is  recirculated  air.  It  is  assumed 
that  a  structure  above  the  shelter  will  be  heated.  Heat  for 
tempering  incoming  air  to  the  basement  during  normal  use  in 
winter  is  assumed  to  be  supplied  by  a  plant  servicing  both  levels. 
The  cost  of  such  a  plant  is  not  included  in  the  cost  estimates. 

As  far  as  electrical  considerations  are  concerned,  nor¬ 
mal  power  may  or  may  not  be  available  during  an  emergency  in  the 
case  of  fallout  shelters.  Both  cases  are  discussed.  However, 
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Fig.  2.11  COMMUNITY  SHELTER  FOR  100  PERSONS 
(25  and  50  psi> 
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cost  estimates  are  based  on  normal  conditions.  In  the  case  of 
blast  shelters  normal  power  is  assumed  to  not  exist.  Cost  es¬ 
timates,  in  addition  to  wiring,  switching  and  outlets,  also  in¬ 
clude  a  diesel  engine  driven  generator. 

Cost  estimates  provided  may  be  classified  as  direct  con 
tract  costs.  They  are  based  on  average  suburban  unit  prices 
for  the  year  1963.  In  addition  to  items  discussed,  they  are 
based  on  the  following  assumptions. 

•  Normal  foundation  conditions  (not  rock) 
exist. 

•  The  ground  water  table  is  below  the 
basement  floor  slab. 

•  Provision  for  air  conditioning,  which  may 
be  required  in  certain  zones,  is  not 
included  in  costs, 

•  Normal  utilities  (water,  power,  sewerage) 
are  available  immediately  adjacent  to 

the  construction. 

Costs  and  other  shelter  characteristics  are  summarized  in 
Table  2.9.  In  this  table  the  costs  are  final  contract  costs 
and  include  25  percent  for  contractor's  overhead  contingencies 
and  profit. 
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2.10.2  Discussion 


If  a  sheltering  capability  is  to  be  included  in  the  de¬ 
sign  of  a  given  dual-purpose  structure,  the  additional  cost  may 
be  determined  by  first  designing  and  costing  the  building  sub¬ 
ject  to  its  primary  function  and  local  building  codes,  and  sub¬ 
sequently  revising  the  design  in  order  to  provide  the  required 
shelter  space  of  desired  hardness.  The  difference  in  cost  be¬ 
tween  the  two  designs  would  be  what  is  ordinarily  considered  as 
incremental  or  shelter  cost. 

Subject  to  the  primary  function,  both  the  original  and 
the  modified  designs  would  most  likely  have  the  same  number  of 
square  feet  of  floor  space;  however  they  would  not  necessarily 
be  architecturally  or  structurally  similar.  The  type  of  shel¬ 
ter  (blast,  fallout,  hardness  level,  size,  etc.),  and  the  fact 
that  it  is  included  in  a  conventional  building  may  have  a  sig¬ 
nificant  influence  on  the  architectural  concept  and  the  load 
transmitting  system  of  the  superstructure.  This  is  true  to  a 
considerably  lesser  extent  for  those  buildings  in  which  only 
the  basement  portion  is  hardened  to  serve  as  a  shelter. 

The  classes  of  existing  architectural  and  structural  con¬ 
cepts  even  for  as  specific  a  group  of  buildings  as  schools  are 
for  all  practical  purposes  very  large .  Any  logical  classification 
as  to  type  (a  formidable  task  in  itself)  followed  by  a  compara¬ 
tive  cost  and  design  analysis  described  above  may  not  produce 
any  definitive  and  widely  applicable  criteria  on  the  economics 
of  dual-purpose  shelters.  Such  an  analysis  is  formidable,  labor¬ 
ious  and  further  compounded  by  the  fact  that  building  costs  are 
strongly  influenced  by  variations  which  are  a  composite  of  local 
building  codes,  construction  labor  practices  and  also  the  climate. 

Although  above  grade  architectural  concepts  vary  consid¬ 
erably.  their  basements  are  in  most  cases  surprisingly  similar. 
Basements  by  their  very  nature  are  considerably  better  suited 
for  sheltering  purposes  than  are  corresponding  superstructures. 
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Generally,  much  beyond  an  overpressure  level  of  10  psi, harden¬ 
ing  of  superstructures  becomes  increasingly  expensive.  There 
are,  of  course,  exceptional  cases  where  the  architectural  con¬ 
cept  is  especially  advantageous  and  amenable  to  slanting  tech¬ 
niques.  However,  such  cases  become  increasingly  rare  with  in¬ 
creasing  levels  of  overpressure  and  associated  nuclear  weapons 
effects,  and  thus  tend  to  tax  to  a  considerable  extent  the  skill 
and  ingenuity  of  the  designer. 

If  it  is  accepted  that  for  nuclear  weapons  environments 
in  excess  of  10  psi  overpressure  and  associated  effects,  basements 
of  conventional  buildings  are  the  only  logical  shelter  candi¬ 
dates,  then  there  exists  a  fairly  reliable  means  for  determin¬ 
ing  their  incremental  shelter  cost  and  consequently  the  extent 
of  their  capabilities.  Specifically,  the  previous  refers  to 
new  construction  and  considers  the  class  of  those  conventional 
buildings  in  which  basements  would  be  included  subject  to  their 
primary  function. 

In  the  light  of  the  previous  statement,  consider  the 
design  of  a  conventional  building  with  a  basement  and  assume 
that  its  "general  contract"  cost  estimate  has  been  broken  down 
under  two  main  sub-headings: 

•  cost  of  superstructure, 

•  cost  of  basement. 

The  basement  design  can  be  modified  to  suit  the  requirements 
of  a  given  nuclear  weapons  environment  without  affecting  the 
architectural  concept,  support  system  or  the  cost  of  the  super¬ 
structure.  The  difference  in  cost  between  conventional  and 
modified  basements  without  reference  to  the  cost  of  the  super¬ 
structure  is  certainly  a  good  approximation  to  the  incremental 
(shelter)  cost. 

Thus,  it  appears  that  in  order  to  determine  the  extent 
of  the  potential  of  this  class  of  dual-purpose  candidate  struc¬ 
tures,  it  is  only  necessary  to  investigate  the  capabilities  of 
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a  set  of  basements.  To  this  end  a  catalog  of  a  series  of  base¬ 
ments  designed  and  costed  for  various  nuclear  weapons  environ¬ 
ments,  soil  and  foundation  conditions  would  serve  as  a  powerful 
tool. 

Specific  structures  briefly  described  earlier  in  this 
section  were  designated  as  dual-purpose  suburban  community 
centers.  Judging  by  their  elevation  views  and  floor  plans 
(Fig.  2.11)  these  structures  are  simply  basements  which  are 
amenable  to  a  variety  of  purposes.  One  such  purpose  may  be 
some  type  of  community  center  of  which  there  are  many.  They 
may  also  be  basements  of  churches,  stores,  offices,  municipal 
buildings,  etc.  In  the  light  of  previous  discussion,  these 
basement  designs  are  ideally  suited  to  be  included  in  the  base¬ 
ment  shelter  evaluation  catalog  described  earlier.  Even  though 
costs  of  corresponding  basements  designed  for  conventional  load¬ 
ings  are  not  available  at  this  time,  incremental  costs  between 
fallout  and  blast  shelters  of  the  same  size  and  similar  con¬ 
struction  are  useful. 

It  is  often  desirable  to  know  not  only  the  incremental 
shelter  cost  but  its  influence  on  the  cost  of  the  whole  struc¬ 
ture  as  well.  This  may  be  easily  determined  by  the  method  de¬ 
scribed  above.  However  it  is  interesting  to  note  that  in  some 
cases  this  may  be  obtained  directly  from  knowledge  of  the  incre¬ 
mental  shelter  cost. 

The  approach  discussed  is  primarily  suited  to  new  con¬ 
struction  and  is  thus  limited.  Great  numbers  of  potential  dual- 
use  shelters  exist  at  this  time  with  capabilities  that  it  would 
be  desirable  to  investigate.  To  accomplish  this  task,  it  is 
necessary  first  to  determine  the  inherent  strength  of  such  can¬ 
didate  structures  and  then  to  isolate  effective  and  economic 
means  of  reinforcing  them  for  various  nuclear  weapons  environ¬ 
ments.  If  it  is  again  accepted  that  basements  are  the  logically 
dominant  shelter  candidates,  then  the  first  part  of  the  task 
may  be  effectively  accomplished  with  the  aid  of  a  catalog  consisting 
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of  basements  designed  and  costed  for  conventional  loading  and 
evaluated  for  various  nuclear  weapons  environments.  The  second 
part  of  the  task,  i.e.,  reinforcing  and  costing  for  various 
weapons  environments,  is  also  formidable;  however,  here  again  a 
similar  approach  will  prove  effective.  To  this  end  it  is  necess 
ary  to  assemble  a  catalog  of  economic  structural,  fire  and  radi¬ 
ation  reinforcement  (upgrading)  techniques  and  their  costs.  A 
catalog  of  such  techniques  may  also  be  very  useful  in  a  post 
attack  environment.  A  draft  report,  "Modification  of  Existing 
Buildings  as  Community  Shelters"  has  treated  this  subject  to  a 
considerable  extent. 
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2.11  PARKING  GARAGE  AND  COMMUNITY  SHELTERS  FOR  5000  PERSONS- 1 ! 12 ’ 23 
2.11.1  General  Description 

Parking  garages  described  in  this  section  are  one  story 
below  grade  reinforced  concrete  structural  concepts  designed  to 
provide  parking  space  as  well  as  protection  against  the  effects 
of  megaton  range  nuclear  weapons  (1  to  20  MT) .  Separate  designs 
consider  fallout  radiation  as  well  as  direct  effects.  Direct 
effects  designs  include  5,  25  and  50  psi  incident  overpressure 
n.  /t  _.J.  The  structures  are  based  on  multiples  of  a  29  x  27  ft 
bay,  proportioned  to  dimensions  of  an  average  city  block,  with 
parking  facilities  for  150  cars  during  normal  operations  and 
shelter  space  for  5000  persons  during  times  of  emergency.  A 
typical  floor  plan  of  one  such  garage  is  shown  in  Fig.  2.12. 
Characteristic  locations  for  structures  of  this  type  are: 

•  below  a  city  park, 

m  below  a  street,  or 

•  below  a  street  level  parking  area. 

The  shelters  were  designed  to  provide  a  protection  factor 
against  fallout  radiation  in  excess  of  100  and  will  limit  the 
initial  radiation  dosage  within  the  shelter  to  20  rads.  The 
structural  design  conforms  to  the  ACI  Building  Code  and  is  based 
on  a  minimum  concrete  strength  of  3000  psi  for  the  roof  system, 
columns  and  column  footings  and  2500  psi  elsewhere.  Reinforce¬ 
ment  conforms  to  ASTM  A432  which  has  a  minimum  yield  point  of 
60,000  psi.  Bearing  capacity  of  the  soil  was  taken  as  4  tons 
per  sq  ft. 

Two  general  garage  concepts  were  considered  and  are  desig¬ 
nated  as  "Structure  I"  and  "Structure  II".  Structure  I  was  de¬ 
signed  to  be  located  below  a  parking  lot  and  thus  has  a  roof  sys¬ 
tem  able  to  serve  as  a  deck.  Structure  II  was  designed  to  be 
located  below  a  city  park.  The  roof  system  of  Structure  I  in  the 
case  of  "fallout  only"  design  consists  of  a  10  in.  flat  slab  span¬ 
ning  between  the  exterior  walls  and  interior  columns,  while  a 
12  in.  slab  with  3  in.  thick  drop  panels  is  used  for  the  roof 
system  of  Structure  II.  Clear  ceiling  heights  are  8  ft. 


Fig.  2.12  PARKING  GARAGE  SHELTER  FOR  5000  PERSONS 
(Lower  Level  Plan) 
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Although  no  specific  provision  was  made  for  blast  protec¬ 
tion,  it  is  estimated  that  both  structures  are  adequate  for  a 
blast  overpressure  in  the  range  of  1.5  to  2.5  psi,  In  the  case 
of  blast  resistant  designs,  the  shelter  (garage)  roof  systems 
consist  of  two-way  flat  slabs  spanning  between  exterior  walls 
and  interior  columns.  The  slab  thicknesses  for  5,  25  and  50  psi 
structures  are  12,  21  and  36  in.  respectively.  The  ceiling  height 
for  the  5  psi  shelter  is  8  ft  and  9  ft  2  in.  for  the  25  and  50  psi 
shelters . 

The  main  blast  doors  at  the  ramp  entrances  of  the  25  and 
50  psi  shelters  consist  of  structural  steel  I-beams  with  steel 
cover  plates.  The  hollow  interior  of  these  doors  is  filled  with 
concrete.  The  doors  are  rolled  open  and  closed  electrically  and 
mechanically.  Blast  seals  are  provided  around  the  door  periph¬ 
ery.  The  doors  of  the  5  psi  shelters  consist  of  standard  over¬ 
head  rolling  doors  reinforced  to  resist  this  blast  overpressure. 
These  doors  are  manually  operated.  The  structures  are  fireproof 
and  all  partitions  and  finishes  are  fire  retardant. 

Shelter  costs  and  other  data  are  given  in  Table  2.10.  These 
are  direct  contract  costs  and  include  25  percent  for  contractor’s 
overhead  and  profit  contingencies.  It  is  assumed  that  they  are 
based  ov,  average  urban  prices  for  the  year  1963.  The  estimates 
were  based  on  the  following  general  assumptions. 

•  Normal  power  available  during  emergency  in 
the  case  of  fallout  shelters  and  not  avail¬ 
able  in  the  case  of  blast  shelters. 

•  Normal  foundation  conditions  (not  rock). 

•  Ground  water  table  below  basement  floor  slab. 

•  Normal  utilites  (water,  power,  sewerage)  are 
assumed  to  be  available  immediately  adjacent 
to  the  construction  prior  to  an  attack. 
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2.11.2  DJ 


"Underground  parking  garage"  is  a  name  ordinarily  given 
to  a  large  basement  structure  specifically  adapted  to  parking  of 
conventional  size  civilian  motor  vehicles.  Primary  characteris¬ 
tics  of  such  adaptations  are: 

•  ramps  and  doors  suitable  for  vehicular  traffic, 

•  interior  column  spacing  commensurate  to  efficient 
vehicle  movement  and  economy  of  space. 

In  all  other  respects  these  concepts  (Fig. 2.1  )are  very  similar 
to  those  discussed  in  the  previous  section19  :;rH  \'on  "he 
general  category  of  basement  structures. 

Underground  parking  garages  are  ordinarily  constructed 
at  those  locations  at  which  sufficient  parking  space  cannot  oth¬ 
erwise  be  obtained.  This  implies  congested  urban  zones.  Such 
parking  garages  may  be  portions  of 

•  department  stores, 

•  multistory  apartment  buildings, 

•  large  multistory  parking  garages,  etc. 

In  congested  urban  areas,  more  than  elsewhere,  the  pos¬ 
sibility  of  largo  scale  fires  following  a  nuclear  weapons  attack 
is  real.  The  problem  of  survivability  of  structures  (shelters) 
subjected  to  blast  loading  has  been  treated  in  fair  detail  for 
most  structures  considered  in  this  report.  However,  survivabil¬ 
ity  of  shelter  occupants  subjected  to  mass  fires  external  to 
shelters  has  received  correspondingly  little  attention.  This 
is  also  true  of  shelters  presented  in  this  section.  Habitabili¬ 
ty  in  such  an  environment  requires  some  means  of  insulation  and 
possibly  internal  cooling  for  some  duration  of  time.  Multistory 
underground  parking  garages  possess  the  capability  of  allevia¬ 
ting  this  problem  to  some  extent  by  letting  the  upper  levels 
provide  some  of  the  insulation  for  the  lower  ones,  however,  this 
would  mean  a  corresponding  reduction  in  shelter  capacity.  Park¬ 
ing  garages  discussed  herein  are  single  level  and  their  given 
costs  do  not  include  consideration  of  this  type  of  protection. 
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Table  2.10 

DUAL-PURPOSE  PARKING  GARAGE  ANI 
(Conceptual  Stuc 
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For  purposes  of  comparing  costs  of  the  concepts  in  ques¬ 
tion  with  those  of  conventional  parking  garages  and  emphasizing 
k.he  potential  sheltering  utility  of  such  structures,  two  existing 
parking  garages  were  selected  and  are  briefly  described  below. 

Grant  Park  Garages  "North"  and  "South"19  are  below  grade 
multilevel  reinforced  concrete  structures  of  flat  slab  and  col¬ 
umn  construction.  They  are  located  next  to  each  other  partially 
below  Michigan  Avenue  and  partially  below  the  adjoining  Grant 
Park  which  is  in  the  immediate  vicinity  of  the  Chicago  Loop. 

This  area  has  peak  day  time  and  night  time  populations  of  ap¬ 
proximately  256,000  and  4000  persons  respectively.  Both  garages 
are  under  the  jurisdiction  of  the  Chicago  Park  District. 

Grant  Park  Garage  North  was  constructed  by  the  city  of 
Chicago  in  1953  to  meet  the  rising  need  for  parking  space  in  the 
Chicago  Loop  area.  It  is  a  two-level  structure  with  a  capacity 
for  2100  vehicles  and  a  corresponding  floor  area  of  775,260  sq  ft. 
Its  direct  contract  bid  cost  for  the  year  1953  was  $5,941,588. 

This  corresponds  to  $7.65  per  sq  ft  of  floor  area.  Within  a 
relatively  short  time,  the  parking  facilities  in  the  Loop  area 
again  proved  inadequate  and  Grant  Park  Garage  South  was  con¬ 
structed  in  1963  immediately  adjacent  to  the  then  existing  North 
parking  garage.  This  is  a  three- level  underground  structure 
with  a  capacity  to  accommodate  1500  cars  and  a  corresponding 
floor  area  of  537,516  sq  ft.  Its  direct  contract  cost  for  the 
year  1963  was  $6,769,530  which  corresponds  to  $12.59  per  sq  ft 
of  floor  area,  it  is  to  be  deduced  that  the  difference  in  cost 
of  $7.65  as  opposed  to  $12.59  per  sq  ft  is  due  primarily  to  the 
difference  in  time  of  construction. 

Both  structures  have  approximately  an  8  ft  ceiling 
height  on  each  level.  In  both  cases,  exit  and  entrance  ramps 
feed  directly  into  the  street,  one  of  Chicago's  major  transpor¬ 
tation  arteries,  under  which  they  are  constructed.  It  is  inter¬ 
esting  to  note  that  these  two  structures  have  the  floor  area 
capacity  (had  they  been  designed  with  some  nuclear  weapons 
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environment  in  mind)  to  accommodate  (shelter)  approximately  one 
half  of  the  day  time  Loop  area  population,  assuming  10  sq  ft  of 
floor  area  per  shelteree.  This,  of  course,  does  not  take  into 
account  other  available  potential  shelter  space. 

Costs  of  these  two  existing  structures  are  compared  to 
those  of  the  previous  parking  garage-shelter  concepts  in  Fig. 
2*^3,  for  the  year  1963.  In  a  gross  sense,  the  costs  compare 
favorably  in  the  fallout  effects  region.  This  seems  to  indicate 
that  the  costs  of  the  two  existing  parking  garages  would  not 
have  been  significantly  increased  if  fallout  protection  or  some 
low  level  of  overpressure  resistance  had  been  considered  in 
their  design.  The  comparison  becomes  more  favorable  if  it  is 
considered  that  parking  garage- shelter  conceptual  studies  have 
floor  areas  which  are  significantly  smaller  than  those  of  the 
two  existing  garages.  These  smaller  garage  concepts,  however, 
may  have  a  wider  application  in  which  case  their  costs  are  mean¬ 
ingful. 
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Cost,  dollars  per  sq  ft 


Fig.  2.13  VARIATION  OF  UNIT  COST  WITH  OVERPRESSURE  (Underground 
Parking  Garages) 
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2,12  BLAST  resistant  design  of  several  building  types 
2-12.1  General  Description 


Data  on  structures  discussed  herein  was  obtained  from  the 
results  of  a  study  4  conch.;- tea  to  determine  the 

•  practicability  of  design  for  atomic  blast 
resistance, 

•  estimated  construction  cost  for  a  range  of 
blast  pressure  loadings  and  a  comparison  of 
costs  with  conventional  construction,  and 

•  estimated  additional  cost  of  providing 

personnel  shelter  areas.  & 

Blast  resistant  designs  and  construction  cost  estimates 
were  prepared  for  the  following  building  types  and  peak  incident 
blast  overpressures. 


Conventional 


•  Administration  Building,  Two-Story  for  10 

20  and  30  psi.  '  ’ 

•  Communications  Building  for  10,  20  and  30  psi. 

•  Warehouse  for  10,  20  and  30  psi. 


Unconventional  (General  Purpose) 


•  Concrete  Igloo  for  25,  50,  100  and  200  psi. 


•  Earth  Covered,  Concrete 
40  x  80  ft,  for  25,  50, 


Rectangular, 

100  and  200  psi. 


*  Earth  Covered,  Concrete  Double  Barrel  Arch, 
40  x  80  ft  usable  floor  area,  for  50  psi. 


•  Earth  Covered,  Concrete  Dome,  25  ft  diameter 
for  50,  100  and  200  psi. 


•  Buried,  Concrete  Rectangular,  40  x  80  ft 
for  50,  100  and  200  psi. 

•  Buried,  Concrete  Double  Barrel  Arch, 

40  x  80  ft  usable  floor  area,  for  50  psi. 

•  ~ri?£>  Coi}crete  Dome,  25  ft  diameter,  for 
50,  100  and  200  psi. 


•  Buried,  Concrete  Igloo,  26  ft  10  in.  x  60  ft 
8  in.  for  50,  100  and  200  psi. 


Bl.st  loadings  on  these  structures  were  based  on  peak  incident 
overpressures  given  be,-  re.  Calculations  relative  to  these  load- 
legs  were  based  on  the  preliminary  draft  of  the  Corps  of  Engl- 
neers  Manual  EM1110-345-413,  "Design  of  structures  to  Resist 
the  Effects  of  Atomic  Weapons". 

Roofs  and  exposed  floor  slabs,  walls,  columns,  footings 
and  above  ground  earth  covered  arches  were  designed  for  plastic 
eformation  under  the  design  blast  load.  Above  ground  earth 
covered  domes,  buried  arches,  buried  domes,  blast  doors  and  es¬ 
cape  hatch  doors  were  designed  for  maximum  elastic  deformation 
under  design  blast  load.  Blast  loading  on  buried  structures 
was  taken  as  that  at  the  ground  surface. 

The  designs  were  based  on  the  following  set  of  material 
and  foundation  properties: 


•  Reinforcing  bars:  Intermediate  grade  in  accord- 

S^and^th^  ^pecj-ficati°n  Designation  A305- 
YiJld  d  Federal  Specification  QQ-B-71a. 

fnreSS)  47)500  psi-  increased  ap- 

rates  nf  ^  P?rCent  t0  account  for  rapidP 
rates  of  strain  for  most  cases. 

'  MonCA7rsATSte51:  AS™  Specification  Designa¬ 
ting561  anlF^ral  Specification  QQ-5-741 
^  ld  s5r?SS)  38,000  psi  (corresponding  to 

p “JiSSLiTVf  “£  loailn8)  iSc*-— 2p- 

“e  12.5  percent  to  account  for  rapid 
rates  of  strain  for  most  cases. 

forC^fCfi  f<=  increased  30  percent  to  account 
for  rapid  rates  of  strain  for  most  cases 

rfl?2riati0n  J>eari?g  pressure:  4  tons/sq  ft, 
capacityPaClty:  8  t0ns/sq  ft>  ultimate 


Computations  relative  to  the  radiation  level 
Capabilities  of  Atomic  Weapons",  Department 
TM  23-200,  June  1955  (Secret). 


s  were  based  upon 
of  Defense  Manual 
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Features  or  items  not  considered  in  the  overall  designs 
are  listed  below 

n  Mechanical  equipment  including: 

Blast  valves 
Chemical  filters 

Cooling  water  facilities  (cooling  towers, 
spray  ponds  or  wells) 

•  Electrical  equipment 

•  Decontamination  facilities 

o  Button-up  provisions 

•  Standby  equipment 

•  Duration  of  shelter  occupancy 

In  the  design  of  the  exposed  abovegrade  structures,  the  thick¬ 
nesses  of  walls  and  roofs  were  determined  subject  to  blast  re¬ 
sistance  requirements  only;  thus,  in  some  cases,  these  will  not 
provide  adequate  shielding  against  fallout  radiation  The  pub¬ 
lication  in  question  considers  both  conventional  and  unconven¬ 
tional  architectural  concepts;  however,  since  primary  interest 
in  the  case  of  dual-use  shelters  is  directed  toward  the  conven¬ 
tional  type,  only  these  are  described  and  discussed  in  the  fol¬ 
lowing  paragraphs 

2.12.1.1  Two- Story  Administration  Building 

The  design  of  the  administration  building  shown  in 
Fig.  2.1/  was  based  on  the  Wing  Headquarters  Building,  Westover 
Air  Force  Base,  Chicipee  Falls,  Massachusetts.  The  existing 
building  dimensions  (exterior)  of  the  main  wing  are  208  ft  6  in. 
x  65  ft  6  in.  Those  of  the  smaller  wing  are  95  x  49  f t .  Exte¬ 
rior  walls  are  constructed  of  12  in.  concrete  block.  Roof  and 
floor  systems  are  of  wood  and  are  supported  on  wooden  joists 
which  frame  into  stoel  girders.  The  ground  floor  slab  is  rein¬ 
forced  concrete  on  grade  There  is  a  basement  under  the  smaller 
wing  containing  the  boiler  rooms,  storage  space  and  other  mis¬ 
cellaneous  areas. 
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Fig.  2.14  ADMINISTRATION  BUILDING  (20  psi  Blast  Resistant) 


The  proposed  blast  resistant  administration  building  is 
a  reinforced  concrete,  windowless  structure  with  both  utility 
and  blast  doors  at  all  exterior  openings.  The  clear  dimensions 
have  been  maintained  essentially  the  same  as  those  of  the  exist¬ 
ing  building  described.  The  roof  and  floor  systems  are  of  beam 
and  slab  construction.  Exterior  wall  panels  are  one-way  slabs 
spanning  vertically  between  floor  levels.  Roof  and  floor  slabs 
were  designed  as  deep  beams  to  carry  wall  panel  blast  loads. 

The  walls  are  utilized  to  act  as  shear  walls  as  well.  A  buried 
personnel  shelter,  for  blast  and  radiation  protection,  with  a 
capacity  for  approximately  170  persons  (based  upon  10  sq  ft  of 

floor  area  per  occupant)  is  provided  adjacent  to  the  basement 
area. 

2*12.1.2  Communications  Building 

The  design  of  the  single  story  Communications  Building 
shown  in  Fig.  2.15  was  adapted  from  drawings  of  the  Base  Commu¬ 
nication  Center,  McGuire  Air  Force  Base,  Wrightstown,  New  Jersey. 
The  interior  dimensions  of  the  main  wing  of  the  existing  build¬ 
ing  are  177  ft  6  in.  x  25  ft  4  in.  The  smaller  wing  of  the 
building  contains  a  garage  (20  ft  0  in.  x  22  ft  0  in.),  heat 
exchange  room  (14  ft  x  22  ft),  and  motor  generator  room  (9  ft 
10  in.  x  16  ft  0  in.).  The  walls  are  concrete  block  bearing 
walls.  The  roof  system  consists  of  a  2-1/2  in.  reinforced  con¬ 
crete  slab  resting  on  bar  joists,  The  reinforced  concrete  floor 
slab  rests  upon  a  6  in  cinder  fill. 

The  proposed  blast  resistant  Communications  Building  is 
a  reinforced  concrete  windowless  structure  with  both  utility 
and  blast  doors  at  all  of  its  openings.  The  clear  dimensions 
were  maintained  essentially  the  same  as  those  of  the  existing 
structure  described.  The  roof  of  the  main  wing  is  of  continuous 
beam  slab  and  column  construction.  The  roof  of  the  small  wing 
is  a  two-way  slab.  The  garage  is  not  blast  resistant.  Wall 
panels  of  the  main  wing  were  designed  to  act  as  one-way  slabs 
and  shear  walls  and  are  supported  at  the  roof  and  floor  slab. 


96 


97 


Fig.  2.15  COMMUNICATION  BUILDING  (10  psi  Blast  Resistant) 


A  buried  personnel  shelter  for  blast  and  radiation  protection 

with  a  capacity  for  about  30  persons  is  provided  below  the  switch¬ 
board  room. 

2.12.1.3  Base  Supply  Warehouse 

Designs  of  this  structure,  illustrated  in  Fig.  2.16,  were 
based  upon  drawings  of  the  Base  Supply  Warehouse,  Keesier  Air 
Force  Base,  Mississippi.  The  interior  dimensions  of  the  exist¬ 
ing  structure  are  62  ft  4  in.  x  237  ft  4  in.  The  walls  are  of 
concrete  block.  Roof  joists  span  21  ft  between  longitudinal 
reinforced  concrete  beams  supported  by  reinforced  concrete  col¬ 
umns  spaced  at  14  ft  intervals.  The  roof  system  may  be  either 
precast  concrete  joists  or  bar  joists.  The  floor  slab  rests  on 
fill  and  is  4  ft  above  grade.  The  existing  building  is  divided 
into  two  areas  by  a  12  in.  thick  fire  wall. 

The  proposed  blast  resistant  warehouse  is  a  windowless 
reinforced  concrete  structure  with  both  utility  and  blast  doors 
for  all  of  its  openings.  The  clear  dimensions  are  essentially 
the  same  as  those  of  the  existing  warehouse  described.  The  roof 
is  of  beam  and  slab  construction.  The  roof  beams  are  restrained 
at  the  wails  by  pilasters  of  the  same  cross-sectional  dimensions 
as  the  beams.  Wall  panels  were  designed  as  two-way  slabs  sup¬ 
ported  at  the  pilasters,  floor  and  roof  slabs.  Walls  are  uti¬ 
lized  as  shear  walls.  A  buried  personnel  shelter  for  blast  and 
radiation  protection  with  a  capacity  of  approximately  10  persons 
is  provided  below  the  floor  slab  adjacent  to  the  office  area. 

With  each  of  these  structures,  the  thicknesses  of  vari¬ 
ous  structural  members  comprising  them  are  controlled  by  radia¬ 
tion  requirements.  Roof,  walls,  columns  and  footings  were  de¬ 
signed  for  plastic  deformation,  while  the  blast  doors  were  de¬ 
signed  for  maximum  elastic  deformation. 

Unit  prices  used  for  the  structural  estimates  were  de¬ 
rived  from  national  average  costs  using  the  National  Construction 
Estimator  (1957  through  1958  Edition)  as  a  guide.  Costs  of 
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Fig.  2.16  WAREHOUSE  (20  psi  Blast  Resistant) 


conventional  as  well  as  blast  resistant  structures,  and  their 
shelters  are  given  in  Table  2.11.  These  represent  the  sum  of 
1)  structural  and  earthwork  and  2)  architectural  costs  for  labor 
and  materials.  Twenty- five  percent  for  profit  and  overhead  contin¬ 
gencies  was  included.  Not  included  are  costs  for  mechanical  and  elec¬ 
trical  equipment  and  corresponding  labor.  Thus  in  accordance  with 
the  direct  contract  cost  definition  given  earlier,  these  represent 
only  a  portion  (about  70  percent)  of  total  direct  contract  cost. 

Since  these  structures  do  not  fall  in  the  general  class 
of  dual-use  shelters,  only  their  relative  costs  are  of  interest 
herein.  For  this  reason,  the  costs  given  in  Table  2.11  were  not 
reduced  to  a  common  base  for  comparison  with  other  blast  resist¬ 
ant  structures  discussed  in  this  report.  Variation  of  cost  with 
overpressure  is  given  in  Fig.  2.17. 

2.12.2  Discussion 

In  the  blast  and  associated  nuclear  weapons  environment 
studies  dealing  with  dual-use  shelters  discussed  in  the  earlier 
sections  of  this  report,  the  primary  objective  was:  people  sur¬ 
vivability.  With  this  objective  in  mind,  each  case  was  approached 
by  considering  a  shelter  of  some  favorable  configuration,  mate¬ 
rials,  method  of  construction  and  location  (relative  to  the  ground 
surface  within  the  confines  of  the  parent  structure)  capable  of 
providing  resistance  against  some  given  nuclear  weapons  attack 
environment,  as  well  as  protection  and  habitability  in  the  cor¬ 
responding  immediate  post-attack  environment.  No  attention  was 
directed  to  the  survival  of  the  whole  of  the  parent  structure. 

In  the  study  discussed  in  this  section,  the  approach 
taken  with  respect  to  three  structures  described  earlier  (admin¬ 
istrative  building,  communications  building,  and  warehouse)  was 
different.  Consideration  was  given  to  the  practicability  of 
survival  of  the  whole  of  these  structures  (parent  structure  in¬ 
cluded),  as  well  as  that  of  the  operating  personnel. 
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Table  2.11 


BLAST  RESISTANT  DESIGN 


OF  SEVERAL  BUI 


1 

? 

1 

4 

3 

6 

7 

8 

9 

10 

11 

Primary  Function 

Naew  and  Location 

Type  of 

Construction 

Capacity, 
Mein  Structure 
end  Adjoining 
Shelter 

Arte  of 

Structure 
sq  ft 

Shelter 
sq  ft 

Volume, 

Main  Structure 
cu  ft 

Volume , 
Shelter 
cu  ft 

^Neln^t  rueture"' 
ft 

Shelter 

ft 

,  Shelter  4 
Fe«  Occvi 
•q  ft 

1. 

Administration 

Building 

Wing  Headquarters 
Building,  Weetover 
Air  Force  Beee. 
Chicopee,  Men. 

Concrete  block  walls, 
wooden  roof  and  floor 
system,  partial 

basement 

1,4B0 

34,100 

H/A 

702,960 

H/A 

Firat  floor(9.9) 
Second  floor(lO.l) 

N/A 

10 

2. 

Administration 
Building  (10  pal 
blaet  real  at  ant) 

Conceptual  study 

N/C  beam  and  slab  roof 
system,  ona-wav  alab 

wall  panels,  blast  doors 

3,630 

34,800 

1,700 

702,960 

* 

First  floor(9.9) 
Second  floor(10.3) 

* 

10 

3. 

Administration 
Building  (20  pel 
blaet  reeletant) 

Conceptual  study 

Same  as  10  pel  stricture 

3,6)0 

34.800 

1,700 

702,960 

* 

First  floor(9.9) 
Second  floor (10.3) 

* 

10 

Administration 
Building  (30  pel 
blaet  reeietant) 

Conceptual  study 

Seam  as  10  pal  structure 

3,6)0 

34.800 

1.700 

702,960 

* 

First  floor(9.9) 
Second  floor (10. 3) 

a 

10 

5. 

CTunlcet  lone 
Building 

Base  Conmunlcetton 
Center,  McCulre 

Air  Force  Beee. 
Wrlghtetown.  N.J. 

Concrete  block  walls, 

R/C  roof  slab  on  bar 

)3) 

3,3)0 

H/A 

56,173 

N/A 

10.5 

N/A 

10 

6. 

Cyeinlcat  lone 
Building  (10  pit 

blaet  reeletent) 

Conceptual  study 

R/C  beam  and  slab  roof 
system,  one-way  slab 
well  panels,  blest  doors 

)6) 

3,3)0 

300 

56.175 

* 

10  5 

a 

10 

7. 

Coaunl  cat  lone 
Building  (20  pel 
blaat  reeletant) 

Conceptual  study 

Same  aa  10  pel  atructuie 

)6) 

3,3)0 

300 

36,175 

* 

10.3 

a 

10 

a. 

Co^municat  tone 
Building  (30  pei 
blaat  reeletant) 

Conceptuel  study 

Same  as  10  pel  structure 

565 

3,330 

300 

56,175 

* 

10.5 

* 

10 

9. 

Warehouse 

Beee  Supply  Ware¬ 
house,  Ueeler  Air 
Force  Base,  Nlea. 

Concrete  block  walls, 
bar  Jolet  roof  system 

1.47B 

14,790 

R/A 

192,270 

R/A 

13.0 

N/A 

10 

10. 

Warehouse  (10  pai 

Conceptual  study 

R/C  beam  and  slab  roof 
a ye tarn,  two-way  slab 
walla,  blast  doors 

1,489 

14,790 

100 

192,270 

* 

13.0 

* 

10 

ii. 

Uarehoiiee  (20  pel 

Conceptual  etudy 

Sama  as  10  pal  structure 

1,489 

14,790 

100 

192,270 

* 

13.0 

* 

10 

12. 

Verehouae  (10  pal 
blast  realatant) 

Conceptual  etudy 

1.489 

14,790 

100 

192,270 

* 

13.0 

* 

10 

*  Indlcatva  that  information  It  not  available 


K/C  Reinforced  concrete 
H/R  Not  applicable 

**  The  etudy  In  question  (reference  24)  wee  concerned  with  bleat  reelatance  elone. 
Radiation  protection  fot  pereonnel  within  the  aaln  structures  wae  not  coneldered. 
The  rseuaptlon  belnt  that  pereonnel  would  be  houeed  within  adjoining  eheltera 
during  tinea  of  emergenc y • 

Mote:  Coate  given  are  national  average  costs.  They  were  derived  ualng  the 
"Rational  Conet  ruction  Eetlaator",  1957-5®  edition  aa  a  guide.  Thin 
reference  ehould  be  coneulted  for  coat  edJustMnts. 
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SEVERAL  BUILDING  TYPES24 


M>lw  Haadrooa,  Ihaltar  Araa 
Ihaltar  Far  Ocrifut 

H  (t 


Fallout  r.t. 


Inalda  Doia  of 
Initial  Radiat  Lon 
Bln 'SI rue L 


Inc  1  dan t  OvtrprtMurt 
Hair. 


Shallar  Structura  Shatter 


Jim  floor(99)  Not  »pac  lflcally 
Racond  floor(lOJ)  con.ldarad  *• 

ElSa'fcSolj)  ■"*  o«*«~»r 

Firat 


r...»  floor (99)  _ _ _ _ 

Sacond  floor (101)  conaidarad 


Mot  • pacifically 

— (aider ~  ■* 

N/A 


Mot  (pacifically 


117  3)  N/A 

372,410  23,124 

436.983  14.230 

363,428  27,610 

6t» ,  828  N/A 

82.416  9,189 

100,39)  10.086 

120.133  11.818 

106,863  N/A 

137,307  7, 614 

204,017  9,40) 

272,471  11,594 


Additional  Cod  i 
Coit  par  icj  (t  Bl*d  Redstancr 

— K_ [. - — - par  %n  it  of  Arc. 

Structura  Total  Structure 


1.12 


N/A 


9.1/ 


10.70  11.60  10.84 

11-11  14.75  11.18 

16.25  16.25  16.25 

12.49  N/A  12.49 

IS. 40  31.10  16. 25 

18.80  31.62  19.39 

22.46  39.46  23.36 

2.23  M/A  7.21 

11.  17  76.34  11.09 

14.4)  94.03  |4.)3 

19.34  1  )3.94  1  9.21 


4.01 

7.11 


2.91 

6.1) 


V 
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Cost,  dollars  per  sq  ft  of  Area 


Fig.  2.17  VARIATION  OF  STRUCTURAL  COST  WITH  OVERPRESSURE 
FOR  THREE  TYPES  OF  CONVENTIONAL  STRUCTURES  Z4 
(Mechanical  and  Electrical  Costs  not  Included) 
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For  the  three  categories  of  buildings  defined  by  utili¬ 
tarian  function,  existing  representative  structures  were  selected. 
These  were  then  redesigned,  keeping  essentially  the  same  clear 
inside  dimensions,  for  three  levels  of  blast  induced  overpressure 
(10,  20  and  30  psi).  It  was  assumed  that  operating  personnel 
would  not  remain  on  the  main  premises  during  an  attack  or  immedi¬ 
ate  post-attack  period  and  for  this  reason  no  specific  consider¬ 
ation  was  given  to  initial  radiation,  fallout  radiation  and  local 
or  mass  fires.  This  is  not  meant  to  imply  that  some  undetermined 
level  of  such  protection  does  not  exist. 

As  far  as  safety  of  operating  personnel  is  concerned, 
personnel  shelters,  considering  initial  and  fallout  radiation  in 
addition  to  blast  overpressure,  were  provided  in  the  designs  in 
proximity  to  each  structure.  These  shelters  belong  to  the  "single 
purpose"  category. 

Although  these  structures  do  not  belong  to  the  general 
category  of  dual-purpose  shelters,  they  are  of  interest  since  the 
practicability  of  hardening  conventional  above  grade  structures 
is  considered.  The  personnel  shelters  were  designed  with  a  single 
purpose  in  mind;  however,  there  does  not  appear  to  be  any  reason 
to  suppose  that  they  are  not  suitable  for  some  dual-use  function. 
With  this  in  mind,  personnel  shelter  costs  are  also  of  interest. 
Variation  of  percent  shelter  cost  increase,  over  that  of  the  main 
conventional  structures,  with  overpressure  for  each  of  the  three 
structures  is  given  in  Fig.  2.18.  Similar  data  are  also  given  in 
Table  2.12.  It  is  interesting  to  note  that  especially  in  the 
case  of  the  Administration  Building,  the  shelter  cost  remains  es¬ 
sentially  constant  with  overpressure  above  10  psi.  In  regard  to 
the  other  two  structures,  this  variation  is  still  relatively  small 
when  compared  to  similar  plots  such  as  Fig.  2.3,  2.4,  and  2.10. 

The  relative  magnitudes  of  shelter  cost  increase  are  also  worth 
comparing.  Such  variations  are  highly  desirable. 
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Cost  of  Conventional  Parent  Structure  Plus  Shelter 
Cost  of  Conventional  Parent  Structure 


1.3 


Communications 


Incident  Overpressure,  psi 


Fig.  2.18  VARIATION  OF  BUILDING  COST  INCREASE  WITH  OVERPRESSURE  24 
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In  designing  a  personnel  shelter,  the  goal  should  be  a  structural 
configuration  which  is  initially  economic  and  adaptable  to  higher 
overpressure  levels  and  associated  effects  with  little  added 
cost.  Personnel  shelter  configurations  discussed  in  this  section 
appear  to  approach  these  conditions.  Unfortunately,  the  refer¬ 
ence  in  question  does  not  describe  the  shelters  in  any  desirable 
detail.  A  shelter  plan  and  its  elevation  for  the  Communications 
Building  are  given  in  Fig.  2.15.  This,  however,  was  apparently 
reduced  from  a  large  drawing  and  has  lost  a  great  deal  of  its 
detail.  Shelter  descriptions  for  the  other  two  structures  were 
not  provided. 

As  for  the  problem  of  providing  blast  resistance  to  above 
grade  structures  the  story  appears  to  be  entirely  different 
(Fig.  2.19,  Table  2.12).  The  act  of  providing  a  30  psi  blast 
and  radiation  resistant  below  grade  personnel  shelter  within  a 
conventional  warehouse  increases  the  original  cost  about  13  per¬ 
cent  (Fig.  2.18),  however  rendering  the  complete  above  grade 
warehouse  30  psi  blast  resistant  but  without  radiation  protection 
(initial  or  fallout),  increases  the  original  cost  by  a  factor 
of  2.55  (Fig.  2.19).  Practicability  of  providing  blast  protec¬ 
tion  for  any  structure  depends  in  part  on  its  function.  It  is 
evident  that  a  warehouse  with  few  internal  walls,  large  ceiling 
heights  and  long  support  spans  (Fig.  2.16)  is  not  as  amenable 
to  blast  protection  as  a  Communication  Building  (Fig.  2.15). 
However,  even  in  the  case  of  the  Communication  Building,  the 
cost  of  blast  protection  is  substantial  (Fig.  2.19).  These 
structures  were  not  meant  to  be  personnel  shelters,  and  if  view¬ 
ed  as  hardened  personnel  shelters,  initial  and  fallout  radiation 
protection,  as  well  as  habitability  equipment  and  supplies, 
would  need  to  be  provided  and  cost  further  increased.  It  appears 
that  these  three  structures  do  not  possess  characteristics  con¬ 
ducive  to  economic  dual-use  shelter  adaptation. 
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19  VARIATION  OF  COST  INCREASE  WITH  OVERPRESSURE 


2-13  FEASIBILITY  OF  SHELTER  INCORPORATION  IN  SPECIFIC  GROUND 
FLOOR  AREAS  (Study  Performed  for  Norfolk,  Virginia 
Redevelopment  and  Housing  Authority)^ 

2.13.1  Introduction 

This  section  describes  a  study  concerned  with  the  feasi¬ 
bility  of  incorporating  blast  and  fallout  resistant  shelters  in 
above  grade  portions  of  conventional  structures.  Five  existing 
structures  recently  constructed  (1958-62)  in  the  downtown  area 
of  Norfolk,  Virginia  were  considered.  In  this  area,  the  water 
table  is  very  close  to  the  ground  surface  and  basements  are 
only  rarely  constructed.  Thus,  if  dual-use  shelters  are  to  be 
provided,  they  would  need  to  be  located  for  the  most  part  in 
ground  floor  portions  of  conventional  structures.  The  problem 
posed  by  the  study  is  very  real  since  ground  water  problems 
exist  in  many  densely  populated  regions  of  the  country,  and 
efficient  means  of  mass  sheltering  in  such  regions  are  yet  to 
be  studied.  The  study  in  question  bypasses  the  ground  water 
problem  by  seeking  above  grade  shelters.  It  considers  nuclear 
weapons  environments  ranging  from  fallout  radiation  alone  to 
30  psi  blast  overpressure  and  subsequent  fallout  radiation. 
Shelters  are  designed  without  blast  doors,  and  the  possibility 
large  scale  fires  resulting  from  primary  and  secondary  sources 
is  not  considered.  Despite  this,  the  study  is  instructive  in 
seeking  solutions  to  a  real  situation.  It  is  described  and  dis¬ 
cussed  in  the  following  paragraphs. 

2.13.2  Tidewater  Park  Elementary  School 

This  school  is  a  cne- story  above  grade  structure  located 
adjacent  to  the  Downtown  Norfolk  Redevelopment  Project.  It  has 
sixteen  classrooms,  covers  a  gross  area  of  35,000  sq  ft  and  has 
a  normal  operating  capacity  for  6000  persons  including  students, 
teachers,  administrative  and  service  personnel. 
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The  roof  system  of  the  conventional  (nonreinforced) 
structure  consists  of  tar  and  gravel  laid  over  planking  and 
supported  on  light  steel  "bulb  tees"  which  in  turn  are  supported 
on  precast  concrete  Joists.  The  walls  are  of  the  load~bearing 
type  and  of  masonry  construction.  The  floor  consists  of  a  6  in. 
reinforced  concrete  slab  over  6  in.  of  compacted  sand.  The 
structure  has  a  pile  foundation  with  a  single  row  of  piles  under 
each  bearing  wall.  The  floor  plan  of  the  building  is  shown  in 
Fig.  2.20  in  which  the  proposed  shelter  portion  is  shaded.  This 
portion  has  a  net  floor  area  of  6510  sq  ft  and  was  designed  as 
an  ordinary  fallout  shelter  (fallout  radiation  only)  as  well  as 
a  30  psi  fallout  shelter.  In  each  case,  the  shelter  portion  was 
designed  as  a  continuous  reinforced  concrete  structure  internally 
braced  by  partitions  which  act  as  shear  walls.  Additional  piles 
were  provided  in  the  case  of  the  30  psi  shelter.  Dimensions  of 
pertinent  structural  members  for  both  shelters  are  given  below. 


Conventional 
Fallout  Shelter 

30  psi 

Fallout  Shelter 

Roof  Thickness,  in. 

18 

22 

Wall  Thickness,  in. 

22 

22 

Partition  Thickness,  in. 

8 

8 

Costs  and  other  pertinent  data  on  this  concept  are  given  in 
Table  2.13. 
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Fig.  2.20  TIDEWATER  PARK  ELEMENTARY  SCHOOL, 
BUILDING  PIAN 
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177  ft  + 


2.13.3  Horst  Advertising  Building 


This  Is  a  one-story  above  grade  structure  with  a  gross 
floor  area  of  approximately  23,000  sq  ft,  of  which  about  4500 
sq  ft  is  office  space,  while  the  remaining  16,500  sq  ft  is  de¬ 
voted  to  industrial  functions.  Exterior  walls  of  the  office 
portion  are  of  glass  and  brick  whereas  the  walls  of  the  indus¬ 
trial  portion  are  of  windowless  masonry  construction.  Celling 
heights  in  the  office  and  industrial  portions  are  approximately 
10  and  14  ft  respectively.  The  structure  rests  on  spread  foot¬ 
ings  about  3  ft  below  grade.  The  estimated  normal  operating 
staff  is  between  50  and  60  persons  with  a  maximum  of  80  persons. 
The  shelter  portion  of  the  structure  was  studied  in  the  light 
of  100  person  capacity.  The  building  plan  including  the  loca¬ 
tion  of  the  proposed  shelter  portion  is  shown  in  Fig.  2.2..  and 
cross  sections  through  the  shelter  portion  .  Fl0.  2.22. 

For  both  the  conventional  as  well  as  the  30  psi  shelter 
study  the  shelter  portion  was  designed  as  a  continuous  rectangu¬ 
lar  reinforced  concrete  structure  internally  interconnected  by 
means  of  shear  partitions.  Thicknesses  of  pertinent  structural 
members  for  both  shelters  are  given  below. 


Conventional 
Fallout  Shelter 

30  psi 

Fallout  Shelter 

Roof  Thickness,  in. 

18 

18 

Wall  Thickness,  in. 

22 

22 

Floor  Thickness,  in. 

18 

18 

Partition  Thickness,  in. 

8 

8 

For  costs  and  other  pertinent  data  on  this  structure  see 
Table  2.13. 
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Fig.  2.21  HORST  ADVERTISING  BUILDING 
PLAN  AND  ELEVATION 
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Section  A-A,  Proposed  Conventional  Construction 
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Section  A'-A",  Proposed  as  a  30  psi  Fallout  Shelter 


Note:  For  locations  of  sections 
see  Fig.  2.21. 


Fig.  2.22  SECTION  THROUGH  SHELTER  PORTION  OF  HORST  ADVERTISING 
BUILDING  (As  Built  and  As  Shelter) 
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2.13.4  Plaza  One  Building 

This  la  an  eleven-story  above  grade  structure  located 
within  the  Downtown  Norfolk  Redevelopment  Project.  It  is  pri¬ 
marily  an  office  building  with  the  ground  floor  used  for  retail 
shops.  It  is  of  reinforced  concrete  construction  with  square 
columns  and  two-way  slab  floors.  The  first  floor  slab  is  on 
grade  and  the  entire  structure  rests  on  a  pile  foundation.  The 
ceiling  height  of  the  first  floor  is  12  ft,  while  that  of  the 
remaining  floors  is  8  ft  6-1/2  in.  The  structure  has  a  gross 
floor  area  of  104,000  sq  ft  of  which  20,000  sq  ft  are  on  the 
ground  floor  and  the  remainder  distributed  equally  among  the 
ten  remaining  floors.  The  net  usable  urea  in  the  entire  struc¬ 
ture  is  approximately  80,000  sq  ft.  In  addition  there  is  an 
11,000  sq  ft  terrace  at  the  second  floor  level  over  the  portion 
of  the  structure  not  covered  by  the  office  tower. 

Normal  occupancy  of  the  building  is  estimated  at  400 
persons  of  which  140  are  expected  to  be  on  the  ground  floor  with 
the  remaining  260  distributed  in  some  fashion  among  the  remain¬ 
ing  floors.  The  shop  at  the  west  end  of  the  ground  floor  (Fig. 
2.23)  was  investigated  for  sheltering  purposes.  It  has  a  floor 
area  of  4340  sq  ft.  As  part  of  conventional  (nonreinforced) 
construction,  its  exterior  walls  are  part  solid  masonry  and  part 
display  windows . 

The  shelter  was  designed  as  a  continuous  reinforced  con¬ 
crete  structure  internally  braced  by  means  of  five  shear  parti¬ 
tions.  The  roof  is  a  one-way  slab  supported  by  three  reinforced 
concrete  beams,  walls  and  shear  panels.  Foundation  capacity  was 
increased  by  providing  additional  piles.  A  cross  section  through 
the  proposed  shelter  protion  of  the  structure  is  given  in  Fig. 
2.24.  Thicknesses  of  pertinent  structural  members  are  tabulated 
on  page  120. 
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Proposed  Shelter 


Location 


Fig.  2.23  ELEVATION  OF  PLAZA  ONE  BUILDING 
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Fig.  2.24  CROSS  SECTION  THROUGH  THE  PROPOSED 

SHELTER  PORTION  OF  PLAZA  ONE  BUILDING 
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30  psi 

Fallout  Shelter 


Roof  thickness,  In. 

Wall  thickness 

Brick-faced  wall,  in. 
Common  wall,  in. 

Shear  panel  thicknt-.s 

Roof  beams  -  stems  of  T-beams 


17-1/2 

23-1/2 

22 


18  in.  wide 
4  ft  6-1/2  in.  deep 


The  structure  under  investigation  is  relatively  high 
and  in  the  case  of  a  short  warning  time  people  on  its  upper 
floors  may  have  some  difficulty  reaching  the  shelter.  For  this 
reason,  an  attempt  was  made  to  harden  its  central  stairwell. 

The  results  of  the  stairwell  shelter  design  are  given  below. 


Plaza  One  Building  Stairwell  Shelter  Data 


Stairwell 

Floor  Area 
Height 

Inside  dimensions 

Design  Incident  Overpressure 

Hardening  Cost  (Structural) 

As  a  free  standing  shaft 
As  supported  by  building  frame 

Shelter  Wall  Thickness 

Fallout  Protection  Factor 

Inside  Dose  of  Initial 
Radiation  (rad) 


2200  sq  ft 
113  ft  1  in. 

12  ft  7  in.  x  7  ft  8  in. 

30  psi 

$250,000  to  $300,000  (Case  1) 
$400,000  to  $500,000  (Case  2) 

76  in.  to  30  in. 

1000+ 

* 


*  Indicates  that  information  is  not  available. 
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a)  Elevation 


b)  Site  Plan 


Fig.  2.25  RENNERT  BUILDING,  ELEVATION  AND  SITE  PIAN 
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Existing  Conventional 
Structure 


Fig.  2.26  RENNERT  BUILDING,  SHELTER  LAYOUT 
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The  proposed  shelter  plan,  as  well  as  a  portion  of  its 
elevation  cross  section,  are  shown  in  Fig.  2.26.  The  shelter 
was  designed  as  a  continuous  rectangular  reinforced  concrete 
structure  internally  braced  by  means  of  shear  partitions  on 
column  lines  in  both  directions.  Since  the  clear  ceiling  height 
of  the  first  floor  is  approximately  17  ft,  it  was  possible  to 
add  an  intermediate  floor  and  thereby  to  reduce  the  unsupported 
span  of  the  walls.  The  foundation  of  the  shelter  portion  was 
strengthened  by  providing  additional  piles.  Thicknesses  of 
pertinent  structural  members  of  the  shelter  are  given  below. 
Other  pertinent  data  on  this  shelter  are  given  in  Table  2.13 


30  psi 

Fallout  Shelter 

Roof  thickness,  in. 

15 

Exterior  wall  thickness,  in. 

22 

Partition  Thickness 
(shear  panel),  in. 

6 

Intermediate  floor  thickness, 

in.  15-1/2 

p  Public  Safety  Building 

This  structure  is  a  newly  constructed  public  building 
complex  located  within  the  Downtown  Norfolk  Redevelopment  Pro¬ 
ject.  It  is  the  headquarters  of  the  City  Police  Department. 
This  complex  is  composed  of  three  interconnected  buildings  (see 
building  plan  Fig.  2.27)  which  are  designated  as 

•  Jail 

•  Courts  building 

•  Link  building 

The  jail  is  an  eight-story  structure  with  a  partial  basement. 
The  courts  and  link  buildings  are  two-story  structures.  The 
whole  complex,  built  of  reinforced  concrete,  has  a  brick  facing 
and  rests  on  a  pile  foundation. 

The  sheltering  attempt  in  this  case  is  to  harden  the 
ground  floor  of  the  entire  complex.  The  ground  floor  is  about 
2-1/2  ft  above  grade.  As  in  the  previous  cases  of  this  section, 
the  proposed  sheltered  portion  was  designed  as  a  continuous 
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188 ' -0" 


Note:  Basement  shown  shaded. 


Fig.  2.  27  PUBLIC  SAFETY  BUILDING,  GENERAL  PLAN 
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windowless  rectangular  reinforced  concrete  structure  internally 
braced  by  means  of  partitions  acting  as  shear  walls.  In  some 
cases  it  was  necessary  to  add  roof  beams  on  this  level  in  order 
to  transmit  the  added  load.  Pile  groups  also  required  strength¬ 
ening. 

The  shelter  was  designed  for  an  effective  overpressure 
of  30  psi,  in  which  case  the  design  overpressure  on  the  external 
shelter  walls  was  taken  as  100  psi.  In  order  to  provide  protec¬ 
tion  for  the  basement  with  a  roof  slab  about  2-1/2  ft  above 
ground  level,  the  projecting  external  walls  were  considered 
backfilled  with  free  draining  granular  material.  With  this  it 
was  assumed  that  the  overpressure  would  be  reduced  to  one  quarter 
of  its  effective  value  and  the  existing  12  in.  reinforced  con¬ 
crete  walls  should  be  sufficient  if  properly  strengthened.  Thick¬ 
nesses  of  pertinent  structural  members  of  the  shelter  are  given. 


Jail 

Building 

Link 

Building 

Courts 

Building 

Roof  thickness,  in. 

18 

18 

18  and  41 

Wall  thickness 

(including  4  in.  brick),  in. 

22 

22 

26 

Partition  thickness,  in. 

6 

6 

6,8  &  12 

2.13.7  Discussion 

The  attempt  of  reference  25  was  to  study  the  feasibil¬ 
ity  of  providing  shelter  space  in  the  above  grade  portions  (pre¬ 
dominantly  ground  floor)  of  schools,  retail  stores,  office 
buildings  and  large  public  building  complexes.  Specific  newly 
constructed  buildings  were  considered  for  this  purpose.  These 
are  located  within  the  Downtown  Norfolk  (Virginia)  Redevelopment 
Project.  All  structures  studied  possess  no  basements  with  the 
exception  of  the  Public  Safety  Building  which  has  a  relatively 
small  partial  basement.  This  is  due  to  the  fact  that  in  the 
geographic  area  under  consideration  the  terrain  is  uniformly 
flat,  with  the  ground  water  available  only  a  few  feet  below  the 
surface  and  basements  therefore  are  only  infrequently  constructed. 
In  the  study  under  discussion  one  of  the  initial  assumptions  was 
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that  since  basements  were  not  considered  feasible  (economical) 
for  conventional  construction,  the  same  applies  to  basement 
shelters.  This  is  probably  well  founded  in  this  specific  case 
since  the  water  table  is  very  close  to  the  surface. 

References  cited  and  discussed  thus  far  either  make  no 
mention  of  or  assume  "favorable"  foundation  conditions.  Favor¬ 
able  foundation  conditions  may  mean  different  things  for  differ¬ 
ent  buildings  and  for  different  geographic  regions.  One  of  the 
major  implications  of  the  word  "favorable"  as  far  as  blast  re¬ 
sistant  design  is  concerned,  is  that  the  water  table  is  located 
well  below  the  foundation  level.  This  state  does  not  necessarily 
dominate  all  of  the  geographic  regions  where  shelter  construction 
may  be  required.  Norfolk,  Virginia  is  one  such  case  and  the 
shelter  study  in  question  considered  real  foundation  conditions- 
the  solution  being  avoidance  of  below  grade  construction. 

A  great  deal  depends  on  subsoil  conditions;  there  are 
cases  however,  soils  of  high  consistency  and  low  permeability 
in  which  basements  are  conventionally  constructed  such  that  at 
least  a  small  portion  is  located  below  the  water  table.  Such 
foundation  conditions  are  not  necessarily  favorable.  However, 
if  conventional  basements  are  constructed  in  this  manner  and 
if  there  are  enough  of  them,  they  are  potential  candidates  and 
should  be  studied  as  they  exist. 

With  respect  to  blast  protection,  if  protective  shelters 
are  to  be  located  partially  or  fully  below  the  ground  water  table 
several  new  problems  need  to  be  considered.  One  of  them  is  pore 
water  pressure. 

In  cases  when  the  soil  possesses  moisture,  the  pore  pres¬ 
sure,  due  to  both  the  air  pressure  and  pore  water  pressure,  will 
epend  upon  the  degree  of  saturation  of  the  soil,  m  those  cases 
in  which  the  degree  of  saturation  is  high  enough  for  a  continu¬ 
ous  water  phase  to  exist,  the  pore  air  pressure  caused  by  the 
overpressure  will  induce  a  stress  in  the  continuous  phase  of  the 
pore  fluid.  If  a  high  degree  of  saturation  extends  close  to  the 
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ground  surface,  the  stress  Induced  in  the  water  phase  will  be 
large  and  should  be  taken  into  consideration  in  the  design  of  the 
structure  since  it  may  significantly  alter  the  state  of  stress 
in  the  surrounding  soil. 

In  most  practical  cases  the  soil  will  possess  moisture, 
and  the  degree  of  saturation  of  the  soil  above  the  maximum  depth 
of  pore  air  pressure  penetration  is  of  prime  importance.  The 
most  critical  case  will  occur  when  the  water  phase,  or  portions 
thereof,  is  continuous  The  problem  then,  is  to  be  able  to  pre* 
diet  the  magnitude  of  the  induced  pore  pressure  so  as  to  evaluate 
the  stress  state  of  the  soil  surrounding  the  structure.  This 
aspect  has  thus  far  not  been  considered  in  the  design  of  blast 
resistant  structures  to  any  satisfactory  degree. 

In  line  with  this  problem,  the  structural  elements  of 
the  shelter  are  ordinarily  designed  to  develop  their  ultimate 
strengths  and  to  fail  by  plastic  yielding.  This  leads  to  the 
assumption  that  a  monolithic  reinforced  concrete  cubicle  will 
undergo  significant  plastic  strains  under  design  loading  without 
producing  a  structural  collapse.  There  remains  the  question  as 
to  whether  such  a  structure,  including  its  connections  and  joints, 
will  still  be  watertight  after  the  dynamic  loading  has  been  re¬ 
moved.  A  comparable  problem  also  exists  for  shelter  above  the 
ground  water  table  if  the  shelter  must  function  as  a  "sealed" 
container  utilizing  its  own  atmosphere. 

2.13.()  Blast  Resistant  Shelters  Without  Blast  Doors 

As  noted  earlier  the  shelters  under  discussion  do  not 
include  blast  doors,  however,  the  design  loadings  were  baspd  on 
the  assumption  that  such  doors  would  be  installed  Even  though 
not  specifically  considered  in  this  light,  under  certain  condi¬ 
tions  of  blast  loading  (slow  rising  overpressure  of  long  dura¬ 
tion)  blast  shelters  without  blast  doors  are  not  necessarily 
im.'ies.uabLi-j  Consider  the  following. 
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A  shelter  designed  for  fallout  radiation  alone  has  some 
Inherent  strength.  This  strength  will  result  In  the  shelter 
structure  withstanding  blast  effects  to  some  overpressure  level. 
There  will  of  course  be  damage  to  the  Interior  of  the  shelter 
even  up  to  this  level.  The  blast  wave  will  pass  through  the 
shelter  with  little  reduction  in  the  free-field  overpressure  or 
drag  (winds).  However,  with  proper  slanting  techniques  it  is 
possible  to  have  the  shelter  survive  at  overpressures  up  to 
30  psi  or  more.  The  problem  that  one  is  concerned  with  for  a 
shelter  of  this  type  is  twofold. 

•  What  level  of  protection  would  it  provide 
for  people  within  the  shelter,  and 

•  what  the  cost  of  such  a  design  might  be. 

Obviously,  if  no  survivors  could  be  expected,  then  any  shelter 
cost  is  too  great.  Therefore  the  controlling  factor  appears  to 
be  the  "vulnerability"  of  people  to  the  nuclear  weapons  effects 
they  may  experience  in  a  structure  of  this  type..  The  effects  are 

•  primary  blast, 

•  blast  translation, 

•  impacts  from  debris, 

•  thermal  radiation  and  initial  radiation. 

26 

Most  people  have  a  relatively  high  tolerance  to  primary  blast 
and  initial  deaths  may  begin  at  about  40  psi  overpressure  for 
this  group.  Thus,  primary  blast  should  not  limit  the  design  of 
such  shelters.  Blast  translation  has  a  lower  limit  and  people 
may  be  borne  by  winds  at  overpressures  below  10  psi.  However, 
people  may  decrease  exposed  body  areas  and  lower  their  center 
of  gravity  by  lying  down,  they  may  decrease  overturning  by  the 
spread  of  arms  and  legs.  It  seems  possible  that  they  might 
survive  this  effect  up  to  30  psi.  Impact  by  debris  can  cause 
deaths  at  even  lower  overpressures.  However  most  of  such  debris 
is  from  the  building  interior  and  can  be  minimized  by  effective 
planning.  The  other  source  of  casualty  producing  debris  may  be 
from  surrounding  buildings. 


By  locating  people  In  favorable  locations  within  the 
shelter  relative  to  the  direction  of  blast,  it  is  possible  to 
minimize  casualties  resulting  from  thermal  and  initial  radiation. 

2.13.9  Costs 


In  his  attempt  to  identify  costs,  Bennedsen  makes  the 
following  comment : 

"Unit  costs  used  in  this  study  are  the  same  as 
those  used  by  the  Protective  Structures  Division, 
Office  of  Civil  Defense,  Department  of  Defense, 
in  its  shelter  design  series  SSS-2,  revised  Sept. 
1962,  Dual-Purpose  Above  Ground  School  and  Com¬ 
munity  Shelter  for  300.  550  and  1100  Persons.  12 
These  costs  were  used  in  order  to  have  the  results 
of  this  study  directly  comparable  with  the  results 
of  that  series."  25 


It  is  clear  that  as  far  as  "shelter  costs"  per  se  are 
2  5 

concerned,  these  were  based  on  unit  values  given  in  reference  12. 

12 

It  will  be  recalled  that  these  were  classified^  as  "average 

suburban  values"  subject  to  local  variations,  and  although  not 

identified  as  such  in  reference  12  they  most  likely  apply  to 

midyear  1962.  The  buildings  in  which  these  shelters  are  pro- 
25 

posed  to  be  located  have  the  following  dates  of  final  comple¬ 
tion: 


1.  Tidewater  Park  Elementary 
School 

2.  Horst  Advertising  Building 

3.  Plaza  One  Building 

4.  Rennert  Building 

5.  Public  Safety  Building 


In  1962  (the  date 
of  reference  25) 
it  was  still  in  the 
proposed  stage. 

1962 

1962 

1958 

1960 


It  should  also  be  kept  in  mind  that  even  though  shelter  costs 
were  based  on  "average  suburban  values,"  the  corresponding  parent 
buildings  are  located  in  an  ordinarily  high-priced  downtown  area. 
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In  comparing  "shelter 
parent  structures  (see  column 
comments  are  warranted. 


costs"  with  costs  of  respective 
14>  Table  2 . lj) ,  the  following 


1.  The  costs  of  conventional  parent  structures 
(column  13,  Table  2.13)  are  not  based  on 
values  given  in  reference  12  .  They  repre¬ 
sent  an  estimate  in  the  case  of  Tidewater 
ParK  Elementary  School  and  final  costs  in 
the  case  of  the  four  remaining  structures. 

It  does  not  appear  that  shelters  and  their 
respective  conventional  parent  structures 
have  a  common  cost  base. 

2.  Incremental  shelter  costs  are  identified25 
as  "structural  costs"  and  are  defined25  as 
"the  difference  in  capital  investment  re¬ 
quired  to  construct  a  building  with  or  with¬ 
out  an  integral  shelter".  This  appears  to 
be  contradictory.  if  reference  12  is  used 
as  a  base  for  shelter  costs,  then  the  ex¬ 
pression  "structural  costs"  includes  the 
costs  for  labor  and  materials  only.  Capital 
investment  to  construct  a  building  includes 
a  costs,  initial  as  well  as  final, 

ri:r°7hOUld  theref0re  be  eXercised  When  drawing  general 
sions  from  cost  numbers  given  in  column  14,  Table  2.13. 

yariations  0f  percent  building  cost  increase  with  over- 

Fig  2r2e8reSl  flnS  fr°!  ;helter  inCOrp°rati°n  are  given  in 
S'  2’28-  As  far  as  fallout  shelters  are  concerned  th.  „ 
cent  cost  increases  (less  than  10  percent)  are  in  mas  ‘r 
similar  to  those  discussed  ho„evet 

(Fig.  2.10).  This  ls  partially  due  to  the  fact  that  in  the 
P  esent  case  we  are  dealing  with  structural  costs  only. 
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Note:  For  cost  identification  see  Subsection  2.13.9 


Fig.  2.28  VARIATION  OF  BUILDING  COST  INCREASE  (DUE  TO  SHELTER 
INCLUSION)  WITH  OVERPRESS URE2 5  (Shelters  are  assumed 
to  be  included  in  the  construction  stage  of  the 
respective  buildings.) 
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2.14  STUDY  OF  THE  PROPOSED  EAST-WEST  FREEWAY  TUNNEL  WEST  ORANGE. 
NEW  JERSEY  AS  A  CIVIL  DEFENSE  PUBLIC  SHELTER  FACILITY27 


2.14.1  General  Description 

The  objectives  of  the  study  described  herein  were: 

•  To  determine  the  feasibility  of  adapting  a 
normal  vehicular  tunnel  to  a  civil  defense 
public  shelter  facility. 

•  To  determine  the  features,  modifications 
and  facilities  necessary  to  provide  pro¬ 
tection  for  various  alternative  conditions 
of  weapon  effects. 

•  To  estimate  the  incremental  costs  of  shelter 
adaptation,  over  and  above  the  normal  tunnel 
costs . 

•  To  determine  the  unit  cost  per  shelter  occu¬ 
pant  for  the  alternative  degrees  of  protection. 

The  town  of  West  Orange,  New  Jersey  is  located  24  miles 
due  west  of  Central  Park  in  New  York  City.  The  First  Watchung 
Mountain,  a  basaltic  ridge,  divides  the  town  along  a  north-south 
line.  The  existing  streets  that  cross  First  Mountain  constitute 
an  important  transportation  link.  Since  these  streets  are  char¬ 
acterized  by  steep  grades  and  twisting  alignments,  the  concept 
of  a  modern  expressway  across  First  Mountain  has  been  discussed 

locally  for  many  years.  Two  proposals  currently  under  consider¬ 
ation  are: 

•  A  conventional  open-cut  and  elevated  alignment 

over  t.ie  mountain.  J 

•  A  depressed  alignment  featuring  a  twin  tube 
vehicular  tunnel. 

The  study  discussed  herein  was  based  on  a  design  concerned  with 
the  latter  proposal. 

The  proposed  vehicular  tunnel  is  a  two-tube  affair  which 
presents  in  each  of  its  tubes  3300  linear  ft  of  usable  tunnel 
floor  between  the  rock  faces  at  the  east  and  west  portals,  at 
which  locations  the  installation  of  protective  doors  is  proposed. 


133 


Of  the  43  ft  (approximate  total  width  of  each  tube  between  the 
finished  walls)  38  ft  (roadway  surface)  is  considered  feasible 
for  shelter  use.  The  remaining  width  is  employed  primarily  as 
a  railed  safety  walk,  approximately  18  in.  above  roadway  level. 
This  area  is  not  considered  available  for  general  shelter  use 
but  has  been  reserved  for  shelter  management  personnel.  The 
tunnel  floor  is  crowned  to  provide  lateral  drainage  to  the  gut¬ 
ters  at  the  outer  edges.  The  minimum  vertical  roadway  clearance 
is  14  ft  2-1/2  in.  The  lining  of  each  tunnel  is  a  semicircular 
reinforced  concrete  arch  with  vertically  reinforced  concrete 
sidewalls.  A  reinforced  concrete  ceiling  slab,  with  the  arch, 
forms  the  air  ducts  for  the  ventilation  system.  A  typical  tun¬ 
nel  cross  section  (single  tube)  is  shown  in  Fig.  2.29.  The 
tunnels  are  separated  by  a  rock  core  about  25  ft  wide.  At  the 
portals,  the  reinforced  concrete  walls  are  placed  against  the 
sloped  rock  surfaces  and  anchored  by  bolts  grouted  in  the  rock. 
Reinforced  concrete  ventilation  buildings,  to  house  the  equip¬ 
ment  for  operating  the  ventilation  and  electrical  systems,  are 
located  one  at  each  portal.  These  buildings  abut  the  concrete 
wall  mentioned  and  straddle  the  tunnel  roadways.  Where  required 
by  the  nuclear  weapons  environment,  radiation,  blast  and  thermal 
protection  portals  have  been  considered  and  are  included  in  the 
cost  estimates. 

The  net  available  space  in  the  two  tunnel  tubes  is 
250,800  sq  ft.  At  a  10  sq  ft  per  person  space  allocation,  the 
nominal  capacity  of  the  tunnels  is  25,000  persons.  Due  to  the 
large  shelter  capacity,  it  was  decided  to  incorporate  an  emer¬ 
gency  hospital  for  the  use  of  shelter  occupants. 

Two  "shelter  facility"  cases  were  studied.  These  may 
be  classified  as  follows: 

•  General  public  shelter 

•  One,  200- bed  emergency  hospital 
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MIM  All  Kwl 


Fig.  2.29 


TYPICAL  TUNNEL  CROSS  SECTION 
(Single  Tube) 


135 


Facility  Case  II  (Capacity  24,000) 

•  General  public  shelter 

•  One,  200-bed  emergency  hospital 

•  Area  control  center  for  Essex  County  Civil 
Defense  Council 

One  incremental  alternate  plan  was  also  considered  for  each  of 
the  two  cases.  The  incremental  alternate  for  Case  I  considers 
the  inclusion  of  additional  hospital  units.  This  requires  no 
construction  modifications  in  the  original  plan,  but  rather, 
reallocation  of  floor  and  storage  space  and  provision  of  a  higher 
intensity  of  shelter  lighting.  The  inclusion  of  contemplated 
hospital  facilities  reduces  the  shelter  capacity  by  about  2000 
persons.  The  incremental  alternate  to  Case  II  considers  the 
feasibility  of  providing  a  protected  environment  for  the  storage 
of  the  vital  records  of  government  and,  possibly,  private  indus¬ 
try.  Such  storage  space  (500  cu  ft)  is  provided  by  constructing 
additional  lateral  drifts  from  the  main  tunnel  bores. 

Four  conditions  of  weapons  effects  were  considered  in 
the  study.  They  are  based  on  a  20  MT  surface  burst  and  are  out¬ 
lined  below. 

Condition  I,  Heavy  Fallout 

Distance  from  detonation:  50  mi,  minimum. 

•  10,000  r/hr  initial  dose-rate  of  delayed 
nuclear  radiation,  one  hour  after  detonation. 

•  No  direct  blast  or  thermal  effects. 

Condition  II,  Low  Blast  and  Subsequent  Heavy  Fallout 

Distance  from  detonation:  13  mi,  minimum. 

•  10,000  r/hr  initial  dose-rate  of  delayed 
nuclear  radiation,  one  hour  after  detonation. 

•  2  psi  incident  overpressure  applied  after  the 
full  capacity  of  the  shelter  is  secured. 

•  15  cal/sq  cm  thermal  radiation. 

•  Six  hour  fire. 
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Condition  III,  Moderate  Blast  and  Associated  Effects 

Distance  from  detonation:  5.2  mi,  minimum 

•  10  psi  incident  overpressure. 

•  130  cal/sq  cm  thermal  radiation. 

•  10,000  r/hr  initial  dose-rate  of  delayed 
nuclear  radiation,  one  hour  after  detonation. 

Condition  IV,  High  Blast  and  Associated  Effects 

Distance  from  detonation:  3.3  mi,  minimum. 

•  25  psi  incident  overpressure. 

•  380  cal/sq  cm  thermal  radiation. 

•  10,000  r/hr  initial  dose-rate  of  delayed 
nuclear  radiation,  one  hour  after  detonation. 

•  Six  hour  fire. 

Incremental  shelter  costs  are  given  in  Tables  2.14  and  2.15 
and  are  plotted  in  Fig.  2.30.  The  costs  are  for  shelter  adapta¬ 
tion  and  are  over  and  above  the  normal  tunnel  costs.  They  are 
based  on  receiving  construction  bids  from  local  contractors  dur¬ 
ing  December,  1964.  The  cost  items  given  are  defined  as  follows: 

Environmental  Control 

This  item  includes  handling  equipment  as  well  as  dis¬ 
tribution  and  exhaust  systems. 

Supplies  and  Facilities 

Included  in  this  item  are 

•  Water  supply  and  handling  systems. 

•  Food  supply  and  storage  space. 

•  Sanitary  facilities. 

•  Bedding  facilities. 

•  Miscellaneous  supplies  and  equipment. 

Electric  Power 

It  is  assumed  that  electric  power  will  not  be  available 
for  shelter  use  under  any  of  the  nuclear  weapons  environments 
considered,  for  this  reason  a  complete  emergency  power  plant  was 
considered  in  the  design. 
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Table  2.14 

FACILITY  CASE  I,  GENERAL  PUBLIC  SHELTER 
(Capacity:  25,000  persons) 


Item 

Cost , 

dollars  (Dec 

.  1964) 

Fallout 

2  psi 

10  psi 

25  psi 

Portal  Protection 

34,000 

474,000 

827,900 

1,544,300 

Environmental  Control 

48,200 

48,200 

723,200 

825,600 

Supplies  and  Facilities* 

386,100 

386,100 

386,100 

386,100 

Electric  Power 

236.700 

236.700 

268.000 

268.000 

Total  Incremental  Costs 

705,000 

1,145,000 

2,205,200 

3,024,000 

Cost  per  Shelter  Occupant 

28.20 

45.80 

88.20 

120.96 

Table  2.15 
FACILITY  CASE  II 

GENERAL  PUBLIC  SHELTER  PLUS  AREA  CONTROL  CENTER 
(Capacity:  24,000  persons) 


Item 

Cost, 

10  psi 

dollars  (De;.  1964) 
25  psi 

Portal  Protection 

827,900 

1,544,300 

Environmental  Control 

723,200 

825,600 

Supplies  and  Facilities* 

656,100 

656,100 

Electric  Power 

268,000 

268,000 

Total  Increment  Costs 

2,475,200 

3,294,000 

Cost  per  Shelter  Occupant 

103.13 

137.25 

*  Food,  medical  and  sanitary  kits  plus  radiological  monitoring 
equipment  is  assumed  to  be  provided  on  the  same  basis  as  in 
the  National  Fallout  Shelter  Marking  Program- 
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Cost  per  sq  ft  of  Shelter  Area,  dollars 


Note:  Costs  are  based  on  bids  received  in  Dec.  1964, 
West  Orange,  New  Jersey. 


Fig.  2.30  VARIATION  OF  PI  BMC  SHELTER  COST  VERSUS  OVERPRESSURE 27 
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Portal  Protection 


This  subject  includes  closures  at  either  end  of  the  tun¬ 
nel  as  required  by  the  particular  nuclear  weapons  environment. 


Specific  items  included  for  each 
are  given  below. 

nuclear 

effects 

environment 

Item 

Fallout 

2  psi 

10  psi 

25  psi 

Canvas  Weather  Barrier 

X 

Decontamination  Facility 

X 

Radiation  Barrier 

X 

Portal  Frame 

X 

X 

X 

Portal  Blast  Doors 

X 

X 

X 

Airfoil  Louvers 

X 

Ventilation  Building  Blast  Doors 

X 

Late  Arrival  Facility 

X 

X 

X 

Air  Duct  Blast  Doors 

X 

X 

2.14.2  Discussion 


In  the  year  1965  the  amount  of  railroad  and  vehicular 

28 

tunnel  space  in  the  continental  United  States  was  approximately 

20,928,255  sq  ft(railroad  tunnels) 

5,374,892  sq  ft(venicular  tunnels) 

These  numbers  of  course  do  not  include  additional  space  provided 
by  subway  and  utility  tunnels.  Assuming  10  sq  ft  per  shelter 
occupant,  the  gross  overall  potential  is  about  2.6  million  spaces. 

The  use  of  railway  and  vehicular  tunnels  as  protective 
shelters  against  a  given  nuclear  weapons  environment  will  be 
limited  by 

•  Size. 

•  Distance  to  population  centers. 

•  Inherent  level  of  protection. 

•  Cost  of  adaptation  to  provide  the  given 
level  of  protection. 
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gently,  this  .ill  reduce  the  gross  pcCeatul  The 
reduction  for  any  nuclear  weapons  environment  Is  difficu ” „ 

estimate  since  the  avall.hu  information ^  la  somewhat  s,!lhy. 

It  is  evident ,  however  n  ' 

,  uwever ,  that  the  gross  potential  of  existing 

tunnels  is  considerably  less  than  2  fi  miin  ® 

viewed  in  •  n  2,6  million  spaces  and  when 

viewed  in  comparison  to  the  current  national  population  this 

IS  ra  her  small.  Nonetheless,  .t  certain  specific  loc«,o„ 

tunnels  mav  provide  a  <:i  oni  fi *.  l  i  9 

„  pi-uviae  a  significant  shelter  source  and  ahnuM 

considered  on  a  local  level  when  for.ln8  a  sheUer ZZ  ThU 

a  d  °WCVer  1S  treated  m  sufficient  detail  in  reference  31 
and  will  not  be  dealt  with  herein 

25  000  ^  tUnnCl  ln  qUeSti°n  has  a  Weltering  capacity  for 

25,000  persons,  which  is  a  significant  portion  of  the  neighbor 

lati^oTh  (the  °f  "‘"it  0™6'>  Ne“  Jers^  »»«  *  Popu¬ 
lation  of  about  00,000  recorded  by  the  1960  census).  At  the 

umc  time,  for  the  nuclear  weapons  environments  considered  the 
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system  rather  than  a  dual-uae  shelter 

in  addition  to  providing  protection  against  the  spec! 
ied  nuclear  weapons  environments,  (i,e  biast  ovprn 

in  respectahle  detail  such  topics  ”  e"S  a'S° 

•  Shelter  access  - 

•  Decontamination  facilities  for  latecomers 

•  Emergency  hospital 

•  Extensive  habit  ability  provisions. 
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Shelter  access,  or  the  size  and  type  of  entrance,  was  studied 

by  means  of  a  fluid  flow  analogy  considering  shelteree  quantity 

and  rate  of  movement  as  possible  significant  cost- inf luencing 

27 

factors.  This  included  the  following  topics: 

•  Assembling  of  shelterees. 

•  Passing  of  shelterees  through  the  portals. 

•  Shelter  loading. 

In  the  light  of  the  above  considerations,  the  corresponding 
shelter  system  costs  are  attractive.  If  we  assume  for  tne  moment 
extreme  austerity  conditions,  and  consider  only  the  cost  of  por¬ 
tal  protection  without  a  late  arrival  facility,  the  approximate 
lower  bound  on  this  shelter  system  cost  is  determined  as  in 
Fig.  2.30.  It  is  evident  that  available  and  usable  tunnels 
possess  a  high  sheltering  potential. 
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CHAPTER  THREE 


GENERAL  DISCUSSION.  CONCLUSIONS  AND  RECOMMENDATIONS 
3.1  INTRODUCTION 

The  primary  objective  of  the  effort  reported  herein  was 
to  explore  the  extent  of  the  economic  advantages  of  dual-use 
personnel  shelters  when  nuclear  weapons  environments  consist  of 
direct  effects  in  addition  to  fallout  radiation. 

In  general,  a  dual-use  shelter  is  any  structure  which 
in  addition  to  performing  its  primary  function  is  able  to  pro¬ 
vide  protection  in  times  oi  emergency.  The  class  of  such  poten¬ 
tial  shelters  is  extensive  and  for  weapons  environments  having 
low  effects  intensities,  may  include  virtually  all  of  the  man¬ 
made  structures  (both  land  based  and  water  borne)  having  en¬ 
closed  (protected)  space,  in  addition  to  natural  shelters  such 
as  caves. 

By  the  extent  of  economic  advantages  in  the  use  of  this 
class  of  structures  as  dual-use  shelters,  we  mean  that  level  of 
costs  beyond  which  the  costs  of  sheltering  considerations  begin 
to  outweigh  those  of  the  primary  function.  As  used  herein,  this 
definition  applies  primarily  to  new  construction.  Its  implica¬ 
tions  are  discussed. 

If  the  expected  weapons  environment  is  fallout  radiation 
a  large  number  of  conventional  building  concepts  qualify  as  can-’ 
idate  shelters.  If  this  class  is  now  restricted  to  include  only 
schools,  available  information1-2  indicates  that  if  fallout  shel¬ 
ters  are  considered  in  the  planning  stage,  the  additional  cost 
s  ould  not  exceed  3  percent  of  the  cost  without  a  shelter  for  an 
average  of  1700  spaces  (see  Fig.  2.3  and  2.4,  Tables  2.1  and  2.2). 
Thus,  if  motivation  to  provide  fallout  shelters  for  schools  ex¬ 
ists,  it  is  most  often  more  economical  to  include  them  within 
the  parent  structure  in  its  planning  stage  than  to  construct 
single-purpose  shelters  having  the  same  capacity  and  resistance. 
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At  the  other  extreme  however,  i.e.,  for  weapons  environments  of 
increasing  severity,  the  problem  is  no  longer  as  clear-cut  and 
the  point  at  which  any  structural  concept  ceases  to  be  a  candi¬ 
date  is  more  difficult  to  establish.  In  any  one  case  the  solu¬ 
tion  may  be  found  by  means  of  a  cost  comparison  on  three  differ¬ 
ent  structures: 

•  Conventional  structure. 

•  Conventional  structure  with  dual-use  shelter. 

•  Equivalent  single-purpose  shelter. 

Such  a  cost  comparison  will  provide  the  answer,  however,  the  ef- 
itself  is  costly  and  time  consuming  since  these  structures 
may  be  entirely  different  in  concept  depending  on  the  severity 
of  the  given  weapons  environment.  Also,  in  order  to  do  justice 
to  such  a  cost  comparison,  it  is  desirable  to  establish  "surviv¬ 
ability"  functions  in  each  case.  This  would  add  significantly 
to  the  overall  effort.  The  importance  of  establishing  "surviv¬ 
ability"  functions  for  personnel  shelters  is  discussed  below. 

The  effectiveness  of  a  given  shelter  or  shelter  system 
relative  to  a  weapons  environment  is  i^s  level  of  ability  to 
provide  protection  against  it.  This  level  may  be  measured  by 
the  number  or  percent  of  expected  survivors  and,  for  purposes 
of  this  discussion,  may  be  termed  "survivability".  For  a  given 
range  of  weapon  environments  then,  the  effectiveness  of  a  shelter 
may  be  measured  by  the  rate  of  survivability  decline  expressed 
in  functional  form.  It  is  evident  that  two  shelters  having  dif¬ 
ferent  structural  systems  but  the  same  design  environment  will 
not  necessarily  have  the  same  survivability  functions  for  any 
given  range  of  weapons  environments.  This  may  be  illustrated 
as  follows. 

Consider  two  shelters  having  equal  sheltering  space 
capacities  but  different  structural  systems,  and  such  that  each 
has  been  designed  to  resist  the  same  weapons  environment  consist¬ 
ing  of  blast  overpressure  and  associated  effects.  Let  it  also 
be  assumed  that  the  habitabilitv  conditions  in  the  two  shelters 
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are  essentially  the  same.  If  for  a  given  range  of  weapons  en¬ 
vironments  a  survivability  analysis  is  performed  on  each  shelter, 
the  results  may  have  the  form  shown  in  Fig.  3.1  a  and  b .  These 
are  hypothetical  -'individual  effects"  survivability  charts  with 
date,  points  indicating  levels  of  superiority  of  "Shelter  A"  over 
tha;  of  "Shelter  B".  The  degree  of  integrated  effects  superior¬ 
ity  (effectiveness)  is  indicated  in  Fig,  3.1  c  and  may  be  meas¬ 
ured  by  the  rate  of  decrease  in  the  two  functions.  Thus,  although 
s  eltering  capacities  and  design  environments  are  the  same,  these 
shelters  are  quite  different  and  in  comparing  costs,  knowledge 
of  protection  effectiveness  (survivability)  is  desirable. 

Survivability,  even  though  not  referred  to  as  such,  is 
always  considered  in  the  design  of  conventional  structures.  In 
such  a  design  process  the  designer  determines  the  range  of  ex¬ 
pected  load  magnitudes  and  loading  conditions  and  within  the 
scope  of  their  influence  selects  the  structural  system  most  ideal¬ 
ly  suited  to  resist  them.  Under  conventional  circumstances  a 
great  deal  of  data  is  ordinarily  available  on  expected  loading 
conditions,  so  that  specifications  assuming  a  high  degree  of  per- 
ormance-safety  and  longevity  (survivability)  may  be  written 
Thus  the  problem  of  predicting  loading  conditions  as  well  as 
survability  is  ordinarily  insignificant. 

In  the  case  of  shelters  however,  loads  and  loading  condi¬ 
tions  depend  on  expected  weapon  environments.  These  are  extreme- 
y  difficult  to  predict  and  therefore  "survivability  functions" 
tor  possible  ranges  of  weapons  environments  become  important  in 
planning  and  evaluating  potential  shelter  systems.  Such  functions 
may  be  related  to  shelter  costs,  and  when  thus  related  become  ex¬ 
tremely  useful  planning  and  analysis  tools.  They  would  be  espe¬ 
cially  useful  in  evaluating  the  sheltering  and  economic  potential 
o  ual-use  shelters.  In  summary,  a  meaningful  evaluation  of 
the  extent  of  economic  and  sheltering  advantages  or  potential  of 
a  dual-use  shelter  or  shelter  systems  would  include  a  survivability 
related  cost  analysis  for  an  expected  range  of  weapon  environments. 
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and  a  high  level  of  survivability,  By  the  expression  "economic¬ 
ally  advantageous",  we  mean  that  it  is  still  substantially  more 
economical  to  consider  dual-use  shelters  in  such  environments 
than  single-purpose  shelters. 

When  the  task  is  to  provide  fallout  protection  and  if 
the  problem  is  tackled  in  the  planning  stage,  a  great  deal  can 
be  done  to  provide  a  highly  acceptable  level  of  protection  at 
little  or  no  cost  increase  relative  to  the  total  cost  of  the 
structure.  For  the  majority  of  such  existing  structures  pre¬ 
sented  herein  this  average  cost  increase  is  in  the  neighborhood 
of  4  percent  for  an  average  of  1700  protected  spaces  (see  Fig 
2.2  and  2.4  as  well  as  Tables  21,  2.2,  2.3,  and  2.4).  This  is 
of  course  a  fallout  radiation  environment  and  sufficient  other 
information  is  available  to  substantiate  this  conclusion.  When 
the  environment  includes  direct  effects  in  addition  to  fallout 
radiation,  reliable  data  is  more  scarce.  Reference  10  (Sec¬ 
tion  2.4  of  this  report)  indicates  that  if  incident  blast  over¬ 
pressure  is  in  the  neighborhood  of  10  psi,  dual-use  shelters, 
at  least  in  school  buildings,  are  economically  advantageous. 
Reference  10  is  a  study  conducted  in  connection  with  National 
Fallout  Shelter  Design  Competition  structures.  These  are  con¬ 
ceptual  studies  that  were  originally  designed  by  various  archi¬ 
tects  to  provide  fallout  protection  but  were  not  costed  in  the 
process.  At  a  later  date  they  were  evaluated  by  a  group  of 
engineers  in  order  to  determine  what  modifications  and  additional 
costs  (over  and  above  a  fallout  radiation  environment)  are  nec¬ 
essary  to  provide  a  low  level  (about  10  psi)  of  blast  protection 
Relative  cost  increases  are  thus  not  available.  However,  if  the 
absolute  cost  increases  for  this  group  of  structures  (Table  2.51 
are  compared  to  those  with  deliberate  fallout  protection  (Tables 
2.1,  2.2,  2.3,  and  2.4)  it  is  evident  that  they  are  magnitudewise 
comparable.  Further,  reference  25  indicates  that  if  blast 
resistant  shelters  having  30  psi  incident  free-field  overpressure 
resistance  are  included  in  above  grade  portions  of  certain  large 
conventional  structures,  the  maximum  relative  cost  increase  is 


148 


in  the  neighborhood  of  12  percent  for  600  protected  spaces. 

(See  Fig.  2.28  and  Table  2.13.)  This  reference  is  discussed  in 
Section  2.13  of  this  report.  This  is  a  conceptual  study  dealing 
with  the  feasibility  of  above  grade  shelters  in  structures  with¬ 
out  basements.  Assuming  that  the  given  costs  are  reasonable, 
shelters  at  this  level  of  overpressure  appear  to  be  also  econom¬ 
ically  advantageous.  If  the  nuclear  weapons  environment  is  now 
increased  in  severity  such  that  the  incident  free-field  over¬ 
pressure  is  in  the  neighborhood  of  50  psi,  on  the  basis  of  avail¬ 
able  data  it  can  no  longer  be  stated  that  dual-use  shelters  in 
conventional  buildings  are  still  economically  advantageous  (see 
Fig.  2.10  and  discussion,  Section  2.7.2;  also  Fig.  2.18,  Table 
2.12  and  accompanying  discussion  -  Section  2.12.2). 

As  has  been  mentioned  earlier,  the  level  of  economic 
advantages  for  any  given  candidate  dual-use  building  is  sensi¬ 
tive  to  a  host  of  parameters  which  include: 


•  size  (see  Fig.  2.8,  2.9,  2.30), 

•  type  of  structural  system, 

•  type  of  construction, 

•  materials  of  construction,  and 

•  foundation  conditions  (see  Section  2.13.7)  etc. 

Some  trends  of  their  gross  influence  on  the  cost  of  hardening 
of  overall  conventional  structures  as  well  as  on  providing  per 
sonnel  shelters  within  them  in  order  to  resist  three  different 
levels  of  overpressure,  are  indicated  in  Table  2.12  (see  also 
accompanying  discussion  -  Section  2.12.2). 


The  class  of  conventional  structural  or  architectural 
concepts,  even  if  limited  to  as  specific  a  group  of  buildings 
as  schools,  is  extremely  large.  A  logical  classification  as 
to  type  (structural  systems,  type  and  materials  of  construction 
etc.) - a formidable  task  in  itself  -  followed  by  a  design-costing- 
survivability  effort  briefly  described  earlier,  would  in  all 
probability  answer  most  questions  posed  by  this  study.  However, 
an  effort  of  such  magnitude  may  not  be  justified. 
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Although  above  grade  architectural  concepts  vary  consid¬ 
erably,  their  basements  are  in  most  cases  surprisingly  similar. 
Basements  by  their  very  nature  are  considerably  better  suited 
for  sheltering  purposes  than  are  corresponding  superstructures. 
Generally,  much  beyond  an  overpressure  level  of  10  psi,  harden¬ 
ing  of  superstructures  becomes  increasingly  expensive.  There 
are,  of  course,  exceptional  cases  where  the  architectural  con¬ 
cept  is  especially  advantageous  and  amenable  to  slanting  tech¬ 
niques.  However,  such  cases  become  increasingly  rare  with  in¬ 
creasing  levels  of  overpressure  and  associated  nuclear  weapons 
effects,  and  thus  tend  to  tax  to  a  considerable  extent  the  skill 
and  ingenuity  of  the  designer. 

If  it  is  accepted  that  for  nuclear  weapons  environments 
in  excess  of  10  psi  and  ranging  up  to  40  or  50  psi  in  special 
cases,  basements  of  conventional  buildings  are  the  only  logical 
dual-use  shelter  candidates,  then  there  exists  a  fairly  reliable 
means  for  determining  their  incremental  shelter  cost  and  conse¬ 
quently  the  extent  of  their  capabilities.  Specifically,  the 
previous  refers  to  new  construction  and  considers  the  class  of 
those  conventional  buildings  in  which  basements  would  be  included 
subject  to  their  primary  function. 

In  the  light  of  the  previous  statement,  consider  the 
design  of  a  conventional  building  with  a  basement  and  assume 
that  its  "general  contract"  cost  estimate  has  been  broken  down 
under  two  main  subheadings : 

•  cost  of  superstructure, 

•  cost  of  basement. 

The  basement  design  can  be  modified  to  suit  the  requirements  of 
a  given  nuclear  weapons  environment  without  affecting  the  archi¬ 
tectural  concept,  support  system  or  the  cost  of  the  superstructure. 
The  difference  in  cost  between  conventional  and  modified  base¬ 
ments  without  reference  to  the  cost  of  the  superstructure  is 
certainly  a  good  approximation  to  the  incremental  (shelter)  cost. 
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Thus,  it  appears  that  in  order  to  determine  the  extent 
of  the  potential  of  this  class  of  dual-purpose  candidate  struc¬ 
tures,  it  is  only  necessary  to  investigate  the  capabilities  and 
cost  effectiveness  of  a  set  of  basements.  To  this  end  a  catalog 
consisting  of  a  series  of  basements  designed  and  costed  for  var¬ 
ious  reasonable  weapons  environments  and  foundations  conditions, 
together  with  a  set  of  survivability  functions,  would  serve  as 
a  powerful  tool. 

Such  a  catalog  for  which  a  better  title  would  be  "Dual- 
Use  Basement  Shelters  -  Alternatives,  Costs  and  Protection  Capa¬ 
bilities"  could  contain  the  following  information.  A  compendium 
of  "basic"  basement  type  structures  designed,  evaluated  and  costed 
as  conventional  structures,  as  well  as  for  several  "applicable" 
nuclear  weapons  environments  other  than  fallout  radiation  alone, 
and  such  that  the  foundation  conditions  represent  several  basic 
soils  both  in  dry  and  saturated  states.  This  would  include: 

•  Small  basements  -  such  as  are  typical  of 
single  family  dwellings  and  which  occur  in 
large  numbers  throughout  the  country  at 
the  present  time  and  will  be  constructed 
at  some  rate  in  the  future. 

•  Large,  single  and  multilevel  basements, 
typical  of  those  that  frequently  occur 
in  various  parts  of  the  country  in 

multifamily  dwellings, 
department  stores, 
office  buildings, 
parking  garages, 
churches,  etc. 

Even  if  thus  limited,  it  is  evident  that  these  two  cat¬ 
egories  of  conventional  structures  represent  a  significant  shel¬ 
tering  potential  which  for  nuclear  weapons  environments  above 
fallout  radiation  alone,  is  virtually  unknown. 
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21  •  Dual-Purpose  Parking  Garage  arid  Community  Shelter  for  5000 

Persons,  Department  oF Defense.  “UFO.  Washington,  D.  C.  . 
Protective  Structures  Division  Shelter  Design  Series  G35-1 
Revised  Sept.  1962. 
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Division  Shelter  Design  Series  G35-2,  April,  1963 


Private  Communication  with  Mr  Black  of  The  Chicago  Park 
District  Office  concerning  construction  cost  data  on  two 
Chicago  Park  District  Public  '  r.cie-  r-gr  ou  nd  Parking  Garages- 
North  and  South,  April  1966. 
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APPENDIX  A 


ESTIMATED  CONSTRUCTION  TRFrjnc; 

IN  SELECTED  TYPES  OF  CONSTRUCTION 


The  general  trends  in  construction  of  expressway  via- 
ucts,  schools,  and  public  housing  structures  are  implied  in 
the  growth  of  population  and  construction  estimates  by  the 
•  Bureau  of  the  Census  Population  growth  and  construction 
trends  are  compared  for  three  types  of  construction  in  Fig  A  1 
through  A. 3  and  in  Table  A  1  From  these  figures  it  is  seen 


population  in  the  1950-  1960  period  was 
total^opulation^^  50  PCrC°nC  grearer  than 


°  Total  population  is  expected  to  increase  at 

fSefES  rate  f  1  3  to  1  6  percent6 in" the 

2  05to9p°4PerlOd  Urban  ?°Pulation  could  be 
L  u  t0  2  4  percent  in  this  period 


Total  new  cons 
at  an  annual  r 
twice  the  rate 


t ruction  is  expected  to  increase 
dte  of  4  4  percent  or  about 
of  population  growth 


potential*  dual Construc  cion  types  which  include 
increase  faster UrhaStrUrt^reS  are  exPected  to 

1965- 1975  per *"  the 


Highway  construc 
annual  rate  of  4 
in  Fig.  A  1 


t icn  at  an  average 
2  percent  as  shown 


Public  residential  construction  at 
an  average  annual  rate  of  3  5  percent 
as  shown  in  Fig  A  2  percent 


Public  educational  construction 
average  annual  rate  of  2  7  perce 
shown  in  Fig  A3 


an 

as 


Commercial  construction  at 
annual  rat-,  ol  3  5  percent 


an  average 
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Population,  Millions  of  Persons 


Fig.  A. 1  ESTIMATED  POPULATION  GROWTH  AND  HIGHWAY 
CONSTRUCTION  "'REND 
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Highway  Construction,  Billions  of  Dollars 


Population,  Millions  of  persons 


Fig.  A. 2  ESTIMATED  POPULATION  GROWTH  AND  PUBLIC 
RESIDENTIAL  CONSTRUCTION  TREND 
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Public  Residential  Construction,  Billions  of  Doll. 


Population,  Millions  of  Persons 


1000.0 


10.0 


10.0  1  i  i  i  i _ I _ | _ I _ I _ I - 1 - 1 - 1 - L 

1900  1910  1920  1930  1940  1950  1960  1970  1980  1990  2000 


Fig.  A. 3  ESTIMATED  POPULATION  GROWTH  AND  PUBLIC 
EDUCATIONAL  CONSTRUCTION  TREND 
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Public  Education  Funds,  Billions  of  Dollars 


Table  A.l 

ESTIMATED  POPULATION  GROWTH  AND  CONSTRUCTION  TRENDS 
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conception  (birth)  rates. 


These  growth  rates,  general  as  they  are,  imply  that  dual- 
purpose  shelter  spaces  in  selected  categories  of  new  construction 
offer  desirable  and  economically  advantageous  opportunities  for 
increasing  the  number  of  available  shelters.  Taken  alone,  these 
growth  rates  do  not  necessarily  suggest  that  specific  potential 
structural  types  will  provide  sufficient  space  to  accommodate 
the  expected  increase  in  urban  population  plus  a  percentage  of 
the  current  urban  population.  Assurance  of  this  requires  that 
future  siting  for  candidate  structures  be  in  high  population 
density  regions.  New  schools  and  new  public  housing  might  be 
expected  to  satisfy  this  siting  criterion.  Expressway  viaduct 
shelter  estimates  would  depend  on  the  manner  in  which  total  high¬ 
way  construction  expenditures  are  proportioned  between  intercity 
expressways  and  other  classes  of  road  building.  Other  types  of 
construction,  notably  private  industrial  construction,  are  ex¬ 
pected  to  increase  at  equally  or  greater  annual  rates,  but  may 
be  less  favorable  candidates  for  dual-purpose  usage  due  to  ac¬ 
quisition  problems  or  other  reasons. 

A.  1  UTILIZATION  OF  VIADUCT  SHELTERS 

The  need  for  providing  automobile  transportation  from  the 
outlying  residential  areas  to  the  central  business  districts  of 
major  cities  has,  in  many  cases,  been  followed  by  construction 
of  expressway  networks  passing  through  or  in  close  proximity  to 
the  most  dense  residential,  business,  and  industrial  districts. 
Often  these  expressways  are  depressed  be'low  original  grade  and 
are  crossed  at  frequent  intervals  (say  1/2  mi)  by  overpasses. 

These  viaducts  can  be  expected  to  be  promising  sites  for  shelter 
locations . 

The  merit  of  any  single  shelter  or  shelter  system  can  be 
graded  quantitatively  in  numerous  manners.  Indices  can  be  devel¬ 
oped  for  computing  the  value  of  a  shelter  in  terms  of  1)  cost  per 
sheltered  person,  2)  percent  of  total  population  capable  of  being 
sheltered  in  a  system,  and  3)  likely  utilization  of  the  system, 
as  well  as  others.  Since  abutment  shelters  are  fixed-site  and 


limited  capacity  installations,  we  have  considered  1)  cost  per 
sheltered  person  as  an  index  of  economic  feasibility  and  2)  po¬ 
tential  utilization  as  an  index  of  merit  for  the  siting  of  the 
system  as  a  whole. 

Potential  utilization  of  the  individual  abutment  shelter 
is  directly  related  to  the  population  density  in  the  region  of 
the  site  and  the  accessible  area,  and  inversely  related  to  shel¬ 
ter  capacity,  as  follows: 

Shelter  Utilization  -  Accessible  Population 

Shelter  Capacity 

=  Population  Density  x  Accessible  Area 
Shelter  Capacity 

Population  [  Personnel  Travel] ^ 
Density  [Transit  Speed  x  Time  | 

Shelter  Capacity 

By  this  computation  alone,  a  shelter  utilization  figure  much 
greater  than  1  0  indicates  a  high  likelihood  of  its  usage  to  ca¬ 
pacity,  A  shelter  figure  much  less  than  10  would  indicate  that 
siting  may  be  marginal  or  that  too  large  a  shelter  is  being  con¬ 
sidered,  Abutment  shelters  are  limited  capacity  shelters  and 
would  be  only  one  component  of  a  total  shelter  system.  For  this 
reason,  the  inverse  of  the  utilization  index,  which  could  other¬ 
wise  be  considered  a  measure  of  potential  effectiveness,  is  not 
considered  as  such  here. 

By  means  of  developing  a  sample  problem,  the  accessibility 
and  potential  utilization  of  expressway  viaducts  as  protective 
shelters  is  demonstrated  in  Fig,  A. 4  and  Table  A. 2.  Figure  A. 4 
shows : 

•  An  outline  of  the  city  of  Chicago, 

•  The  major  expressways  going  through  the 
city,  the  North  Lake  Shore  Drive,  and 
the  circumscribing  Illinois  Tollway. 
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•  Overpasses  on  the  above  thoroughfares 
indicated  by  a  "dot." 

•  Regions  of  5,  10  and  15  min.  travel 
times  around  overpasses,  based  on  a 
walking  pace  of  5  mph  for  family  groups.* 

By  this  mapping  technique,  we  find  that  the  following  percentages 
of  the  total  land  area  (not  population)  of  Chicago  are  within  ac¬ 
cessible  walking  distances  to  expressway  viaducts  for  the  selec¬ 
ted  warning  times. 


Walking 

Time,  min 

Percent 

of  Total  City  Land  Area 

Cumulative  Percent 
of  Total  City  1  and  Area 

5 

16 

16 

10 

18 

34 

15 

16 

50 

More  than  15 

50 

- 

Capacities  and  potential  utilization  of  expressway  via¬ 
duct  shelters  are  estimated  in  Table  A.  2.  The  total  system  of 
expressways  defined  in  Fig.  A  4  contains  244  expressway  bridges. 
At  an  average  capacity  figure  of  750  persons  per  abutment  shel¬ 
ter  (1500  per  bridge),  it  is  estimated  that  about  366,000  shelter 
spaces  could  be  provided  in  this  system.  Much  larger  numbers  of 
people  are  within  reasonable  travel  distances  of  the  expressway 
viaducts,  as  follows: 


Walking- time  to  Viaducts 
Based  on  5  mph  Pace  for 
Family  GrouDS,  min. 

Number  of  Persons 
Within  Accessible  Range 
Daytime  Nieht-time 

5 

1,174,000 

739,000 

10 

3,000,000 

1,742,000 

15 

4,168,000 

2,461,000 

report  -  design  of  "Sr  f3cUy  gro^ps  is  selected  from  the 
Shelters ~ I if  Entrance  Systems  for  Personnel  Protective 
^  ,  aS ’  JIT  Research  institute  lor  U.  S.  Naval  Civil  Enelneer- 
lnggLaboratory,  NCEL  Contract  NBy-3163,  Port  Hueneme,  Ca^fSrnL, 
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Fig.  A.  4  ACCESSIBILITY  OF  EXPRESSWAY  VIADUCTS  AS  PROTECTIVE  SHELTERS, 
CITY  OF  CHICAGO 


Table  A.  2 

CAPACITIES  AND  POTENTIAL  UTILIZATION  OF  EXPRESSWAY 


ESfiTS~YfSn 

Section 
of  Ex¬ 

Area 

5  min. 

,  sq  ml 

10  min. iS  min . 

Average  Population  Density 
persons.  so  ml1 

pressway 

Region 

Region  Region 

Night-Time 

Day  t  late 

Downtown 

Region 

1 

2.4 

7.3 

10.0 

11,500 

139,000 

Lake  Shore 
Drive,  North 

2 

3.8 

6.2 

8.7 

24,300 

62,900 

Kennedy 

Expressway, 

3 

7.0 

15.8 

21.7 

18,700 

22, 700 

Northwest 

8 

7.2 

14.7 

22.1 

5,050 

2.730 

Eden's 

Highway 

7 

6.5 

17.4 

29.3 

4,380 

2,360 

Elsenhower 

Expressway, 

West 

4 

9.9 

20.2 

31.1 

13,000 

12,300 

Southwest 

5 

3.6 

10.1 

19.1 

10,400 

Expressway 

9 

6.0 

19.7 

34.7 

581 

378 

Dan  Ryan 

Expreaaway, 

South 

6 

13.8 

36.5 

56.3 

14,700 

16.300 

Ullnola 

11 

3.6 

10.9 

17.7 

2,070 

1,130 

Tollway 

10 

3.0 

10.6 

15.7 

486 

326 

12 

3.6 

10.5 

16.7 

3,530 

2,030 

13 

3.4 

8.8 

13.6 

2.750 

1,650 

14 

8.9 

26.9 

44.8 

2,190 

1,420 

Total 

Night  Population 
persons 

Total 

Day  Popu 
persons 

at  ion 

of 

Bridges 

Bridge 

Capacity 

persona* 

Uti 

5  a 
Night 

5  min. 
Region 

10  ain. 
Region 

15  min. 
Region 

5  aln. 
Region 

uTmln.” 
Reg Ion 

15  min. 
Region 

27,600 

84,000 

115,000 

333,000 

1,150,000 

1,390,000 

13 

19,500 

1.4 

92,300 

151,000 

211,000 

239,000 

390,000 

547,000 

13 

19,500 

4. 

131,000 

295,000 

405.000 

159,000 

358,000 

492,000 

23 

36,300 

74,100 

112,000 

19,600 

40,100 

60,300 

21 

31,500 

1.2 

28,500 

76,100 

128,000 

15,300 

41,000 

69,200 

18 

27,000 

l.l 

129,000 

262,000 

405,000 

122,000 

248,000 

382,000 

29 

43,500 

3.0 

37,400 

105,000 

198,000 

28,700 

80,500 

152,000 

7 

10,500 

3.6 

11,400 

20,200 

2,270 

7,450 

13,100 

14 

21,000 

0.2 

203,000 

536,000 

828,000 

225,000 

595,000 

918,000 

43 

64,500 

3.1 

7,450 

22,600 

36,600 

5,060 

12,300 

20,000 

10 

5,150 

7,630 

980 

3,450 

5,120 

37,000 

59,000 

7,300 

21,300 

33,900 

10 

15,000 

37,000 

5,400 

14,500 

22,400 

98,000 

12,600 

38,200 

63,500 

23 

34,500 

0.6 

739,000 

1742000 

2461000 

1P4000 

3000000 

4,168,000 

244 

366,000 

^Average  population  densities  computed  from  curves. 

^Bssed  on  a  capacity  figure  of  750  peraons/abutment  shelter,  or  1500  persona /bridge. 

Percentage  of  population  outside  structures  as  computed  in  Development  of  Typical  Urban  Areas 
Albu^rSui^sSjteir  Corporation,  for  Office  of  Civil  Defense,  CoSfrSff  0CB-P5-M-47, 


Table  A. 2 

r  ION  OF  EXPRESSWAY  VIADUCT  SHELTERS  IN  CHICAGO 


elation 

- - ITVIn. 

Region 


Number  Bridge 
of  Capacity 
Bridge*  peraona2 


Utilization  Baaed  on  Total  Population  Distribution 
5  eln .  Region  10  sain.  Region  IS  min.  Region 
Nlght-Tlaae  Daytime  Night-Time  Daytime  Night-Time  Daytime 


Utilization  Baaed  on  Outalde  (Street)  Population  Alone 
11:00A.M.  5:30P.M.  2:30A.M. 

_ 9-0  percent _ IB. 3  percent  0.7  percent 

5  min.  10  min.  15  min.  5  min.  '10  min.  15  min.  5  min.  10  min.  15  min. 
Region  Region  Region  Region  Region  Region  Region  Region  Region 


D  1,390,000 

13 

19,500 

1.4 

17.1 

D  547,000 

13 

19,500 

4.7 

12.2 

P  492,000 

23 

34,500 

3.8 

4.6 

1  60,300 

21 

31,500 

1.2 

0.6 

»  69,200 

18 

27,000 

1.1 

0.6 

0  392,000 

29 

43,500 

3.0 

2.8 

1  152,000 

7 

10,500 

3.6 

2.7 

1  13,100 

14 

21,000 

0.2 

0.1 

1  919,000 

43 

64,500 

3.1 

3.5 

i  20,000 

10 

15,000 

0.5 

0.3 

5,120 

11 

16,500 

0.1 

0.1 

33,900 

10 

15,000 

0.8 

0.5 

22,400 

9 

13,500 

0.7 

0.4 

63,500 

23 

34,500 

0.6 

0.4 

1  4,169,000 

244 

366,000 

4.3 

59.0 

5.9 

7.14 

1.5 

5.3 

7.7 

20.0 

10.9 

28.0 

l.l 

1.8 

6.5 

10.4 

11.7 

14.3 

0.4 

1.0 

2.4 

1.3 

3.6 

1.9 

0.05 

0.1 

2.8 

1.5 

4.7 

2.6 

0.05 

0.1 

6.0 

5.7 

9.3 

8.8 

0.3 

0.5 

10.0 

7.7 

18.9 

14.5 

0.2 

0.7 

0.5 

0.4 

1.0 

0.6 

0.01 

0.04 

8.3 

9.2 

12.9 

14.2 

0.3 

0.8 

1.5 

0.8 

2.4 

1.3 

0.03 

0.07 

0.3 

0.2 

0.5 

0.3 

0.01 

0.02 

2.5 

1.4 

3.9 

2.3 

0.05 

0.1 

1.8 

1.1 

2.8 

1.7 

0.04 

0.1 

1.7 

1.1 

2.8 

1.8 

0.04 

0.1 

6.4 

1.7 

5.9 

7.2 

0.1 

0.3 

0.4 

2.5 

1.6 

2.6 

3.6 

0.03 

0.05 

0.08 

1.3 

0.8 

1.7 

2.4 

0.03 

0.06 

0.08 

0.2 

0.2 

0.3 

0.5 

0.008 

0.02 

0.03 

0.2 

0.2 

0.4 

0.7 

0.008 

0.02 

0.CJ 

0.8 

0.5 

1.1 

1.7 

0.02 

0.04 

0.07 

1.3 

0.6 

1.6 

3.1 

0.03 

0.07 

U.l 

0.05 

0.03 

0.08 

0.2 

0.001 

0.003 

0.007 

1.3 

0.6 

1.6 

2.5 

0.02 

0.06 

0.09 

0.1 

0.07 

0.2 

0.3 

0.004 

0.01 

0.02 

0.03 

0.02 

0.05 

0.07 

0.0007 

0.002 

0.004 

0.2 

0.1 

0.4 

0.6 

0.006 

0.02 

0.03 

0.2 

0.1 

0.3 

0.4 

0.005 

0.01 

0.02 

0.2 

0.1 

0..? 

0.4 

0.004 

0.01 

0.02 
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For  the  system  as  a  whole,  the  accessible  population  appears  to 
be  from  two  to  ten  times  the  capacity  of  the  shelter  system  it¬ 
self.  This  alone  is  considered  to  justify,  on  the  basis  of  like¬ 
lihood  of  usage,  serious  consideration  of  expressway  abutment 
shelters  as  a  part  of  a  total  shelter  system. 

The  various  expressways  in  Fig  A. 4  pass  through  regions 
where  average  population  densities  vary  from  326  to  139,000 
persons/sq  mi  Local  studies  of  actual  population  densities  in 
immediate  regions  about  shelter  sites  would  certainly  be  required 
before  planning  actual  installations.  However,  from  potential 
utilization  figures  based  on  the  total  population  distribution 
tabulated  in  Table  A. 2,  we  would  expect  most  expressway  viaducts 
within  the  Chicago  city  limits  to  be  at  highly-util izable  sites, 
even  with  short  warning  times  (of  the  order  of  15  min.).  Viaduct 
sites  within  the  city  limits  alone  would  provide  about  192,000 
spaces,  whereas  about  174,000  spaces  could  be  provided  along  the 
circumscribing  Illinois  Tollway  and  within  other  less  urbanized 
regions . 


Site  Category 

Expressway 

Sections 

Number 
of  Spaces 

Highly  utilized 
sites  within  city 

1,2, 3, 4, 5, 6 

192,000 

Illinois  Tollway 

10,11,12,13,14 

94,500 

Other  suburban 
regions 

7,8,9 

79,500 

Indication  of  lesser  utilization  figures  for  suburban 
expressway  viaducts  in  Table  A  2  does  not  negate  their  actual 
potential  utilization.  This  estimate  is  based  on  average  popu¬ 
lation  density  figures  and  does  not  reflect  the  trend  for  ex¬ 
pressways  to  follow  population  movements  to  major  suburban  centers. 
Individual  expressway  viaducts  in  the  suburbs  may  actually  be  at 
densely  populated  residential  or  business  districts.  In  addition 
the  population  in  vehicles  on  expressways  constitutes  a  base  pop- 
ulation  which  would  also  tend  to  seek  known  viaduct  shelters. 
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This  latter  population  source  has  not  been  included  in  utiliza¬ 
tion  estimates. 

Potential  shelter  utilization  has  also  been  estimated 
on  the  basis  of  the  population  outside  structures  (on  streets) 
for  various  significant  times-of-day  in  Table  A. 2.  Though  we 
do  not  imply  that  shelter  site  planning  should  be  based  on  the 
population  outside  structures,  we  find  it  significant  that  near 
the  central  business  district,  potential  shelter  utilization 
estimates  based  on  the  outside  population  alone  exceed  1.0  in 
all  cases.  It  also  appears  that  during  morning  and  evening 
rush  hours  the  outside  population  is  sufficient  to  fully  utilize 
the  abutment  shelters  throughout  most  of  the  central  city. 
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A-2  PUBLIC  SCHOOL  SHELTER  SITES 


Usage  of  public  and  parochial  schools,  churches,  and 
Park  District  field  houses  offers  certain  advantages  as  shelter 
sites . 


•  Sites  are  expected  to  be  distributed  about 
the  city  in  approximately  the  same  manner 
as  the  residential  (night-time)  population. 

•  Their  locations  are  well  known  to  the  bulk 
of  the  populace;  the  population  would  know 
how  to  reach  them  quickly. 

•  Site  acquisition  negotiations  involve  rel- 
atively  few  organizations;  municipal  and 
religious  organizations  would  normally  be 
expected  to  show  interested  cooperation  in 
establishing  shelter  systems. 

•  These  sites  provide  excellent  coverage  of 
the  city,  providing  shelters  within  reas¬ 
onably  short  pedestrian  travel  times  for 
family  groups  in  almost  all  residential 
areas  of  the  city. 

As  an  example,  the  high  accessibility  of  public  school 
sites  to  the  residential  population  of  Chicago  is  demonstrated 
in  Fig.  A. 5.  This  figure  shows  the  location  of  all  public  ele¬ 
mentary  and  high  school  sites  in  Chicago  and  regions  of  the  city 
within  5,  10,  and  15  min.  travel  time  from  these  sites,  based  on 
a  5  mph  pace  for  family  groups.  The  distribution  of  the  total 
land  area  of  Chicago  among  the  travel-time  zones  is  as  follows: 


Travel  Time 
to  Shelter,  min. 

Percent  of 

Total  City  Land  Area 

Cumulative  Percent  of 
Total  City  Land  Area 

5 

73 

73 

10 

22 

95 

15 

4 

99 

More  than  15 

1 

100 
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The  percentage  of  people  in  the  lower  time  zone  regions  would 
be  expected  to  be  higher  than  indicated  earlier,  since  areas 
where  schools  are  more  widely  separated  are  expected  to  be  either 
industrial,  commercial,  or  sparsely-settled  residential  areas. 

The  system  of  sites  shown  in  Fig.  A. 5  includes  469  ele¬ 
mentary  school  sites  and  59  high  school  sites.  Assuming  the 
system  could  be  enabled  to  provide  500  shelter  spaces  in  each 
elementary  school  and  2000  in  each  high  school  and  junior  col¬ 
lege,  then  a  total  of  352,500  spaces  would  be  added  to  the  total 
shelter  system.  This  is  equivalent  to  9.9  percent  of  the  total 
city  population,  and  59  percent  of  the  school  population. 


Type 

of 

Schools 

Number 

in 

Chicago 

Total 

Enrollment 

Average 
Enrollment 
per  School 

Shelter 

Spaces 

Added 

Public 

Elementary 

469 

418,200 

892 

234,500  (a 
500  per 
school 

Public  High 
and  Junior 
Colleges 

59 

179,700 

046 

118,000  @ 
2000  per 
school 

Totals 

597,900 

352,500 

On  the  other  hand,  provision  of  598,000  spaces  for  the  entire 
school  population  would  potentially  shelter  17  percent  of  the 
total  city  population.  It  should  also  be  noted  that  these  fig¬ 
ures  would  be  materially  increased  by  adding  parochial  schools 
to  the  shelter  system. 
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Fig.  A. 5  ACCESSIBILITY  OF  PUBLIC  SCHOOL  SHELTER  SITES 
TO  POPULACE  OF  CHICAGO 


A • 3  SHOPPING  CENTER  STRUCTURES  AS  DUAL-PURPOSE  SHELTERS 


Shopping  centers  may  be  divided  into  two  general  categor¬ 
ies,  i.e.,  conventional  (older)  and  modern.  Modern  shopping  cen¬ 
ters  are  usually  located  in  outlying  areas  of  towns  and  contain 
within  them  a  significant  number  of  stores  (ordinarily  having 
like  structural  systems)  conveniently  arranged,  A  conventional 
shopping  center  on  the  other  hand  is  commonly  located  at  the  cen¬ 
ter  of  a  town  (business  district).  The  principal  buildings  are 
usually  different  both  in  structural  systems  as  well  as  age  and 
are  less  conveniently  located  than  in  the  case  of  the  modern 
counterpart.  Both  categories  are  considered  herein.  Evaluation 
of  shopping  centers  as  potential  protective  shelter  sites  re¬ 
quires  consideration  of  the  nature  of  the  center,  the  types  of 
structures  present,  and  the  population  density  of  the  regions  in 
which  centers  are  located.  This  is  done  in  a  general  manner  in 
this  section.  A  large  city,  say  above  500,000  in  population, 
will  usually  include  a  number  of  older  shopping  centers  of  vari¬ 
ous  sizes  scattered  throughout  the  city.  It  will  also  frequently 
have  a  smaller  number  of  modern  (post  World  War  II)  planned  shop¬ 
ping  centers,  usually  located  in  outlying  regions.  Both  these 
existent  types  of  centers,  as  well  as  yet-to-be-constructed  shop¬ 
ping  centers  present  potentialities  for  increasing  the  number  of 
shelter  spaces  through  dual-usage. 

A  general  view  of  one  very  large  city  indicates  that  the 
older  shopping  centers  have  the  following  characteristics: 

•  They  are  numerous  and  well-distributed  over 
the  entire  city  as  shown  in  Fig.  A. 6. 

•  They  developed  before  the  era  of  extreme 
automobile  usage  and  the  larger  ones  contain 
a  concentration  of  sturdily  constructed  de¬ 
partment  stores,  office  buildings,  banks, 
and  hotels. 

•  Structures  were  built  in  an  era  of  large 
heating  facilities,  when  large  basements 
were  commonly  provided 

•  They  developed  in  or  near  regions  of  high 
population  density,  which  has  generally  not 
decreased  substantially  in  the  intervening 
decades . 
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Structures  in  these  older  shopping  centers  include  many  found 
to  be  satisfactory  in  the  National  Fallout  Shelter  Survey. 

On  the  other  hand,  the  modern  planned  shopping  centers 
generally  have  the  following  characteristics: 

•  By  comparison  they  are  fewer  in  number  and 
most  are  located  in  outlying  areas  of  lower 
population  densities,  as  shown  in  Fig.  A. 6. 

(Suburban  centers  are  not  included  on  this’ 
map . ) 

•  Structures  are  generally  of  lighter  construc¬ 
tion  and  frequently  do  not  have  basements. 


For  the  system  of  73  shopping  centers  shown  in  Fig.  A. 6, 
the  percentage  of  city  land  area  within  various  travel  times  of 
the  centers  is  as  follows. 


Travel  Time 
at  5  mph  Pace.  min. 

Percent  of  Total 
City  Land  Area 

Cumulative  Percent 
of  Total 

Citv  Land  Area 

0  to  5 

17 

17 

5  to  10 

30 

47 

10  to  15 

20 

67 

15  or  more 

33 

100 

Some  of  these  centers  are  small  and  may  contain  few  buildings 
that  by  actual  inspection  are  suitable  as  blast  shelters.  How¬ 
ever,  with  two-thirds  of  the  city  population  within  15  min. 

travel  time  of  this  system,  the  potential  value  of  the  locations 
appears  high. 

Selected  statistics  for  73  shopping  centers  withi-  the 
city  limits  of  Chicago,  graded  into  five  general  size  and  func¬ 
tional  categories,  are  tabulated  in  Table  A. 3.  The  Central 
Business  District  is  not  included  in  this  tabulation.  That 
region,  with  a  daytime  population  estimated  at  from  250,000  to 
300,000  persons  in  an  area  of  about  1.2  is  certain  to  be  a  region 
of  high  potential  shelter  utilization.  Containing  many  large 
heavily-constructed  buildings  with  basements  and  often  with  sub¬ 
basements,  subway  tubes,  and  commercial  and  utility  tunnel  systems 
the  central  business  districts  of  large  cities  can  be  expected  to 
offer  many  potential  dual-purpose  shelter  spaces.  Shopping  centers 
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Table  A. 3 

SELECTED  STATISTICS  FOR  SHOPPING  CENTERS  IN  CITY  OF  CHICAGO 
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outside  the  central  business  district  require  more  detailed  study 
to  estimate  their  potential  utilization  as  dual-purpose  shelter 
sites . 

Using  data  from  Table  A. 3  ,  we  estimate  that  the  avail¬ 
ability  of  space  for  dual-purpose  shelters  in  these  shopping 
districts  is  from  2.8  to  3.5  times  the  minimum  daytime  occupancy 
level  (employees  and  customers)  of  the  shopping  district,  as 
shown  in  Table  A. 4  . 

Daytime  occupancy  levels  for  the  shopping  districts  are 
computed  as  total  retail  employees  in  the  district  plus  a  por¬ 
tion  of  daily  person-trips  into  the  district,  the  latter  based 
on  an  estimate  of  average  duration  of  shopping  excursions.  Em¬ 
ployees  and  shoppers,  computed  in  this  manner,  represent  a  daytime 
and  early  evening  base  population  of  persons  in  structures  and 
on  streets  which  could  reach  shelters  even  if  warning  times  were 
short.  Full  utilization  of  dual-purpose  shelter  spaces  would  be 
attained  by  admission  of  the  residential  population  around  the 
shopping  centers . 

Assuming  the  advantage  of  the  various  shopping  centers  as 
dual-purpose  shelter  sites  to  be  directly  related  to  their  relative 
sizes,  the  cumulative  total  populations  and  potential  shelter  spaces 
are  also  of  interest  as  shown  in  Table  A. 5  . 

As  indicated  previously,  it  is  estimated  that  the  116,000 
dual-purpose  shelter  spaces  could  be  developed  in  the  four  major 
regional  business  centers  alone.  A  more  complete  system  of  dual- 
purpose  shelters  in  the  69  shopping  centers  shown  in  Fig.  A. 6  , 
might  provide  as  many  as  676,000  shelter  spaces. 

Several  attendant  merits  to  providing  dual-purpose 
shelters  in  shopping  centers  include  the  following: 

e  The  centers  almost  invariably  Include  medical 
offices,  contributing  doctors  to  the  shelter 
population  at  least  during  certain  hours  of  the 
day. 

e  Occurrence  of  drug  stores  at  shopping  centers 
provides  some  availability  of  drugs  and  medi¬ 
cines,  at  least  at  time  of  limited  reentry. 
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•  Department  store  basements  contain  counter 

b*  *•  c“.“  ?.b?r 

articles  which  can  be  uaed  aa  beddlne  anH 
nearby  drug  and  frequently  food  sources." 

*  D is trie?  2ut!id*  th«  Central  Business 

centers  T* “V*"1’  ln  «ructure.  In  thee,  .hopping 

center,  a.  du.l-purpo.e  eh.l  er.  I.  .it.  ac,ul,ltlo„. 

™ny  structure.  in  the  tenter,  tabulated  in  Tebl,  A.3  hou.e 
*  "“"‘.r  °f  '■fbll.to.nte.  It  i.  apparent  fro.  thi.  table  th.t 

ee  d?  .bT1,Itl0n*  f°r  *  C0”pl'“  *y««m  of  676,000  epetee 

’  "e"r‘bed  **rlter  ‘"volv.  negotiations  with  thou.eode 

Individual  building  owners,  Ihl,  problem  ha.  been  aucc.a.full, 

“  th“Se  buU<iI"‘‘-  "“b-  »"  stocked  for  tb.  Nation- 
pn  °U  Sh6lter  Survey-  Difficulties  attendant  upon  retrofit 

alone’whes  hOWVWt  Uad  US  tQ  conslder  the  largest  bulldinga 
alone  In  these  centers:  chain  department  stores,  independent  de- 
partme  t  banks,  ^  offJe-  bulldlng8  ^  ^  J 

quently"  T  TT”  ****“**  1-ge  and,  con.e- 

studied’  to  s  a  ^  8heUerable  P°P^ation.  Many  have  been 

died,  to  some  extent,  in  the  National  Fallout  Shelter  Survey. 

SHELTERS  IN  CHAIN  DEPARTMENT  STORES 

wlrhl  .!l”!  f°r  18  "*Jor  Cbaln  dePartraent  .tore,  with  b..ement. 
within  the  city  limit,  of  Chicago  are  plotted  in  Fig.  A.6  ”t 

;  i:.c:;rsp”din8  to  s>  io'  15  "i--  **-  ~ou„d 

The fo  “L“V  "Ph  Pa"'  *"  'bs—s-ibed  around  the  .it.., 

SgZTZr-  “f  t0tSl  Clty  *”*  ™d 


Travel  Time 
at  5  mph  Pace,  min 


5  to  10 
10  to  15 
More  than  15 


Percent  of  Total 
City  Land  Area 

5 

il 

16 

69 


Cumulative  Percent 
_of  Total  City  Land  Area 
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Basement  floor  areas  and  shelterable  populations  for  dual-purpose 
shelters  in  these  structures  are  estimated  as  follows. 


Item4' 

Approximate 
Basement  Area 
sa  ft 

Maximum 

Shelterable 

Pooulatlon 

Store  with  largest 

basement  area 

57,500 

5,750 

Store  with  smallest 

basement  area 

8,800 

880 

Average  basement  size 

29,200 

2,920 

Total  basement  area 

IS  stores 

525,000 

52,500 

Assuming  an  average  residential  population  density  of  15,700 
persons/sq  mi  for  the  city,  the  population  within  the  various 
travel-time  zones  of  this  system  of  18  chain  department  stores 
is  as  follows. 


Travel-Time  Zones 
at  5  mph  Face, 
min. 

Population 

persons 

Shelter 

Utilization  Index 
Based  on 

52,500  spaces 

0  to  5 

212,000 

4.1 

5  to  10 

460,000 

8.8 

10  to  15 

600,000 

11.4 

More  than  15 

2,260,000 

- 

From  the  above  it  appears  that  the  effectiveness  of 
planning  to  utilize  shopping  centers  as  dual-purpose  shelter 
sites  can  be  increased  by  detailed  study  and  selection  of  classes 
of  structures  affording  relatively  high  shelter  populations. 


tabulation,  sub-basement  areas  are  included  along 
with  basement  areas. 
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«r«  liT  rl*h“  l"  19  ch,l“  .tor..  C« 

^  52  500  .p«..  throughout  th.  otty  through  o.,otl.tlon  ulth 

ooly  thr..  eom.ro  1.1  organlutloo,.  .cqul.ltlon  of  .It..  In 

.l““ bul“*»g.  ..  b«k.,  hot.1.,  of  fit.  building. 
«d  lnd.p.nd.nt  .tor.,  uy  M  con.ld.r.bly  «,r.  ,h.lt.r  ..... 
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appendix  b 

expressway  GRADE  separations 

AS  DUAL-USE  PROTECTIVE  SHEERS 
B.l  INTRODUCTION 


The  objective  of  thi.  appendix  1.  to  explore  In  e  rel- 
.tlveiy  general  sense,  the  potenti.I  of  utilizing  the  abutuent 
portion,  of  expressway  grad.  e.per.tlone  «.  dual-use  protective 
shelters .  General  reason,  for  choosing  thi.  category  of  struc- 
tune.  have  already  been  dl8CUiied  ln  80tM  d.t.u  lfl 

to  this  report. 


Consider  Che  grede  aepereelons  shown  ln  Fig.  B.l!*The 
cP°'t,°"  Chet  appears  to  offer  .  ah.lt.rlng  po- 

ntlel  end  which  1.  lnve.tlg.ced  herein,  1.  located  between  the 

oorllo  ^  7  C7  *"d  °£  the  *Pfr',*ch  ,Ub  Th»  ,l"  Mil* 
HdluHk  «ldth  of  the  overpeaa  (roadway, 

ewalk,  median,  etc.),  required  vertical  clearance  for  the 

presae  roadway,  and  che  prescribed  embankment  slope.  The 
portion  between  the  face  of  the  abutment  „d  the  pier  1.  .ho™ 

Fig.  B.2  end  represent,  the  atructure  lllu.tr.ted  In  Fig.  ,.i 
in  Its  conatructlon  atege.  Thi.  portion  .lone,  eppoer.  to  offer 
an  obvious  ahelterlng  potential,  with  a  groa.  pi™  of  ,pprox. 
mately  2900  a,  ft  which  ordinarily  1.  „nu..d,  t„  order  w  „al. 

It  wLu  IT  ''  f°r  *  f*U°Ut  r*dUel°"  environment 

"  .  '  T“7‘T  the  construction  .tag.  to  ellmlnet.  the 
elope  well,  level  snd  p.Ve  the  surface,  provide  three  protective 
11s  and  several  entranceways .  with  a  leveled  surface  (at 

would  b^  '1?V*'1°n  “  th'  roadway)  the  headroom 

would  be  over  16  ft,  therefor,  a  two-level  .belter  l.  poaalble. 

about  SgTL  ‘o!'"  ”°"ld  *  *r°"  •p“e  ■>°«»“el  for 

about  580  persona  (10  a,  ft  per  occupant,  or  over  1100  .race,  for  a 
single  grade  separation  of  the  size  shown. 


enrp«eP213?->er8  ”fer  t0  aWe"dl*  reference.  Hated  at  the 
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of  Roadway 


Abutment 

Wingwall 


End  of 
Approach 
Slab 


Approach  >  ot  Abutment 
Slab  * 


Plan 


Fig.  B.l  A  PORTION  OF  A  TYPICAL  GRADE  SEPARATION 
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Fig.  B.2  TYPICAL  GRADE  SEPARATION  (Pier  and  Abutment  Portion) 


189 


As  far  as  size  is  concerned,  this  grade  separation  (Fig  B.l) 
average  at  least  for  the  city  of  Chicago  where  it  is  located. 

in,-  m  FU“Her  USS  °f  this  structure  can  be  made  by  expanding 
the  abutment  portion  This  would  require  a  considerably 
more  extensive  redesign  effort  of  the  initial  structure,  how¬ 
ever,  with  two  levels  it  is  possible  to  provide  an  additional 

gross  area  of  3200  sq  ft  if  one  stays  within  the  plan  limits  of 
the  original  structure 

The  grade  separation  shown  in  Fig.  B.l  and  B.2  is  one 
general  type  and  for  purposes  of  our  study  is  characterized  by 
the  open  area  between  the  face  of  the  abutment  and  the  first 
Pier  A  variation  of  this  structure  that  warrants  some  consid¬ 
eration  is  shown  in  Fig.  B.3,  B.44  and  B.5. 

In  places  where  the  proximity  of  streets  running  paral- 
lel  to  an  expressway  is  such  that  a  full  embankment  with  a  pre¬ 
scribed  slope  cannot  be  realized  without  encroaching  on  existing 
construction  (water  mains,  sewers,  etc.),  a  variation  of  the 
structure  discussed  can  be  employed  Ordinarily,  use  is  made 
of  a  closed  rectangular  supporting  structure.  This  is  shown  in 
detail  in  Fig.  B.4.  It  will  be  noted  that  the  variation  con- 
*  of  ^placing  the  first  span  by  an  approach  slab  and  the 
rst  pier  by  a  wall-like  abutment  with  wingwalls  running  the 
full  length  of  the  span.  The  enclosed  space  is  ordinarily  empty 
down  to  the  slope  line.  For  the  structure  shown  in  Fig  B  4 
the  abutment  has  a  thickness  of  3  ft  4  in  ,  the  wingwalls  vary 
in  thickness  from  about  1  ft  6  in.  at  the  top  to  about  3  ft  at 
the  base.  The  abutment  portion  has  a  gross  shelter  space  po¬ 
tential  of  approximately  7003  sq  ft  if  a  two- level  shelter  is 
considered.  In  order  to  realize  this  potential,  at  least  as 
ar  as  fallout  radiation  protection  is  concerned,  it  would  be 
necessary  to  eliminate  the  soil  in  the  initial  construction 
stage  provide  an  internal  retaining  wall  at  the  end  of  the  ap¬ 
proach  slab,  and  incorporate  entranceways  For  nuclear  weapons 
environments  above  fallout  radiation  alone  a  more  complete  re¬ 
design  would  be  requisite. 
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Fig.  B. 3 


GRADE  SEPARATION  WITH  CLOSED  ABUTMENTS 
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U1 ' 9" 


Plan 


Fig.  B.4  ENCLOSED  ABUTMENT 
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P'6,TJ- - X - 

88'4" 


Fig.  B . 5  GRADE  SEPARATION  WITH  CLOSED  ABUTMENTS 


Fig.  B . 6  GRADE  SEPARATION  ADJOINING  AN  ACCESS  RAMP 
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Another  interesting  variation  of  the  structures  discussed 
is  shown  in  Fig.  B.6.  On  its  left  side  the  structure  is  similar 
to  the  one  discussed  in  connection  with  Fig.  B.l,  on  its  right, 
however,  it  is  joined  to  an  access  ramp.  Only  about  one  half  of 
this  ramp  is  shown  in  the  photograph.  Such  structures  are  less 
frequent  than  the  ones  discussed  earlier,  nonetheless,  it  is 
evident  that  where  they  exist,  they  possess  a  large  shelter  po¬ 
tential  in  terms  of  space. 

Grade  separations,  of  the  type  discussed  (Fig.  B.3,  B.4 
and  B. 5)  are  fairly  commonplace  along  city  expressways  and  are 
relatively  densely  spaced  in  dense  population  areas,  as  is  evi¬ 
dent  in  Fig.  A. 4.  In  such  areas  they  are  in  close  proximity  to 
utility  lines  (electricity,  water,  sewerage)  and  are  accessible 
by  both  vehicular  and  pedestrian  means.  As  far  as  fires  are  con¬ 
cerned,  these  structures  have  the  advantage  of  being  depressed 
below  grade  and  having  their  exposed  portions  face  a  relatively 
wide  and  open  area  (the  expressway).  This  should  be  considered 
carefully  in  making  cost  effectiveness  comparisons  with  shelters 
located  in  high  fire  hazard  areas. 

For  reasons  given  previously  and  those  stated  in  Appen¬ 
dix  A,  a  preliminary  investigation  was  performed  and  is  given  in 
the  following  paragraphs.  Structures  arbitrarily  selected  for 
this  purpose  are  those  shown  in  Fig.  B.l  and  B.4.  For  the  struc¬ 
ture  shown  in  Fig.  B.l,  a  shelter  was  designed  and  costed  for 
three  levels  of  overpressure  (5,  25  and  50  psi)  and  associated 
nuclear  weapons  effects  resulting  from  a  10  MT  burst.  In  the 
case  of  the  structure  shown  in  Fig.  B.4,  only  the  feasibility 
of  incorporating  a  fallout  shelter  was  considered,  In  the  fol¬ 
lowing  paragraphs  the  two  structures  investigated  are  designated 
as  Structure  I  (Fig.  B.l)  and  Structure  II  (Fig.  B.4),  respec¬ 
tively. 
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B-2  SHELTER  DESCRIPTION 
B.2.1  Structure  T 


As  mentioned,  the  design  was  approached  from  the  stand¬ 
point  of  integrally  constructing  a  hardened  personnel  shelter 
with  the  bridge  abutment.  In  this  state  it  would  function  as  a 
supporting  structure  for  the  bridge,  provide  storage  space  for 
expressway  maintenance  equipment  and  supplies,  and  hardened 
shelter  space  in  the  event  of  an  emergency. 

The  shelters  were  designed  for  three  levels  of  over¬ 
pressure  (5,  25  and  50  psi)  resulting  from  a  10  MT  burst,  and 
have  a  minimum  protection  factor  against  fallout  radiation  of 
600.  The  weapons  data  are  given  below. 

Weapon  Size  10  MT 
Fission:  Fusion  100:0 


Incident 

Overpressure,  psi 
(Surface  burst) 

Peak 

Normal  Reflected 
Pressure,  psi 

Range,  mi 

5 

11.5 

6.10 

25 

80.0 

2.65 

50 

200.0 

1.88 

elter  structures  were  designed  for  the  weapon  exploding  at  the 
surface,  while  "prompt  radiation"  calculations  were  based  on  an 
air  burst  at  a  critical  height  as  suggested  in  reference  4. 
Ground  shock  was  not  considered. 

An  isometric  view  of  the  typical  shelter  is  shown  in 
Fig.  B. 7  with  floor  plans  in  Fig.  B.8  and  3.9.  This  is  a  two- 
story  rectangular  monolithic  reinforced  concrete  structure  with 
outside  dimensions  that  conform  closely  to  those  of  the  bridge 
portion  in  question.  Shelter  access  is  by  means  of  a  protected 
entranceway  on  the  side  facing  the  depressed  expressway. 
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Fig.  B . 8  UPPER  LEVEL  FLOOR  PLAN 


2 


3 


Fig.  B. 9  LOWER  LEVEL  FLOOR  PLAN 
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ZZ^rr1  ‘°adln8  ““  08  5  ”1"  —  b—  on  800 

high  7  The  /"*  “  °p",1,'S  of  7  ft  4  In.  wide  and  8  ft 

Fir 

-  z:zti~:To:zzts,  iff 

a  removable  .action  of  the  roof  slab  tm.  £°r"  °f 

m  the  present  design.  h“  not  '°”>ld‘red 

Structural  design  was  carried  out  on  the  basis  of  „l 

niTpsi8^  IZ'  Tccluty  rael° °£  1-3-8,9  IP  ‘ 

continuous  one-way  recced  ^  C°"SlSt8  <* 

beams^nd  ^ " 

vehicular  and  pedestrian  traffT  etJSLT' 

uniformly  distributed  , 

rial,  considered  hetlMe^lLTbel^T"1'’  *  “■ 

•  Compressive  strength  of  concrete 
(f'c)  -  4000  psi 

•  Dynamic  compressive  strength  of  concrete 
(,^■•25  f’c)  *  6000  psi 

Dynamic  yield  strength  of  reinforcing  steel 
(fyd)  ■  52,000  psi 

•  Allowable  dynamic  soil  pressure  ST/sq  ft 

.-r^Tz^r**  £~ tha - — - 
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Table  B  1 

STRUCTURAL  COMPONENT  THICKNESSES  FOR  THREE  SHELTERS 


Component 

5  psi 

25  psi 

50  psi 

Roof  Slab 

Section  A  (Fig.  B 

8)  18" 

22" 

20" 

Section  B 

18" 

18" 

22" 

Section  C 

18" 

18" 

22" 

External  Walls 

Sections  1-2,  2-3 

10" 

12" 

14" 

All  Others 

18" 

18" 

22" 

Partitions 

6" 

6" 

6" 

Floor  Slabs 

6" 

6" 

6" 

Columns 

15"  x  15" 

Beam 

18.5"  x  36" 

Footings 

Wall 

2’7"  x  8" 

4 1  3"  x  10" 

7' 8"  x  1'10" 

Column 

o  '  0"  x  :  ' 

Provisions  for  environmental  control  have  been  consid¬ 
ered  and  are  s  m,n  ized  as  follows: 


•  Sanitary  facilities  are  provided  in 
accordance  to  reference  7  and  are  based 
on  800  occupants  for  a  period  of  14  days. 

•  It  is  assumed  that  no  outside  utilities 
will  be  available  in  the  event  of  attack. 
Thus,  storage  tanks  for  potable  water  are 
provided.  Also  a  motbr- generator  set  is 
provided  to  furnish  a  power  source  for 
electric  lighting  and  other  electric  power 
requirements . A-  The  generator  is  to  be  run 
by  a  diesel  engine  drawing  fuel  from  an 
underground  tank 
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•  Ventilation  is  provided  by  shelter  package 
ventilation  kits  with  filters,  ll  No  period 
of  complete  closure  to  the  outside  is  con¬ 
templated,  thus  no  internal  oxygen  supply 
is  considered. 


•  Lighting  is  assumed  to  be  provided  by  pub- 
lic  service  on  ac  current  until  the  time  of 
attack,  and  thereafter  by  means  of  a  dc 
generator  within  the  shelter. 

All  emergency  electrical  power  will  be  provided  by  means 
of  a  20  kw  generator  powered  by  a  35  hp  diesel  engine.10  The 
diesel  engine  is  provided  with  a  14-day  fuel  supply  based  on 
continuous  use.  The  2000  gal  of  fuel  required  is  stored  in  an 
underground  tank.  The  lighting  provided  is  based  on  a  1-ft 
candle  level  in  berthing  and  standing  areas,  5  ft  candles  in 
exercise  and  toilet  areas,  and  15  ft  candles  in  food  prepara¬ 
tion,  reading,  and  medical  attention  areas. ^  It  is  also  as¬ 
sumed  that  the  lights  will  be  wired  such  that  they  can  run  on 
ordinary  115  V  60  cycle  ac  power  when  it  is  available,  and  dc 
generator  power  when  ac  power  is  not  available. 

Sanitary  facilities  and  water  for  personal  consumption 
are  provided  according  to  the  recommendations  in  reference  7  and 
are  summarized  below. 


Facility 

Unit  Quantity 

Total  Frovided 

Water 

Toilets 

Urinals 

28  gal/person 
5/100  people 

1/100  people 

22,400  gal 

40 

8 

Although  medical  supplies,  food,  sleeping  accommodations,  and 
communications  equipment  are  not  included  herein,  they  may  be 
provided  without  drastically  reducing  the  assumed  (800  persons) 
capacity . 
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Ventilation  will  be  supplied  by  four  shelter  package 
ventilation  kits . ^  Four  of  these  units  will  supply  a  total  of 
the  minimum  requirements  set  down.7  The  ventilation  unit  can 
ordinarily  be  run  off  the  generator,  but  in  case  there  is  a 
power  failure,  the  generators  are  provided  with  bicycle  drives. 

The  costs  are  summarized  in  Table  B.2.  In  general, 
these  represent  average  values  in  the  Chicago  Metropolitan  area 
for  the  year  1964.  Items  included  in  the  mechanical,  electrical, 
and  architectural  portions  are  listed  in  Table  B.3. 


Table  B.2 
SUMMARY  OF  COSTS 


Item 

5  psi 

25  psi 

50  psi 

Structural  and  Earthwork 

64,800 

68,600 

83,500 

Mechanical 

18,300 

18,300 

18,300 

Electrical 

10,100 

10,100 

10,100 

Architectural 

4,000 

4,000 

4,300 

Cost 

97,200 

101,000 

116,200 

Credit  for  Portions  of 
the  Original  Structure 

-30,300 

-30,300 

-30,300 

Net  Cost 

66,900 

70,700 

85,900 

Contractor's  Profit  and 
Overhead  Contingencies 
(25%) 

16,700 

17,700 

21,500 

Final  Cost 

83,600 

88,400 

107,400 

Gross  Floor  Area,  sq  ft 

7,725 

7,725 

7,635 

Final  Cost  per  sq  ft 

$10.82 

$11.44 

$14.07 
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Table  B.3 

ARCHITECTURAL,  ELECTRICAL  AND  MECHANICAL  COSTS 

Type  Description  Units  Coat  Q  u  Total 

- - - -  dollars  Vu«n|:icy  doUarg 

1"  Toilet  **ch  250  8  2000 

2.  Utlnal  Trough  each  250  8  2000 

3.  Partitions  lot  400  I 


Electrical^* 


of  Sanitary 

Pit 

lot 

2000 

1 

2000 

5.  Installation, 
items  1  to  4 

let 

1200 

1 

1200 

6.  Potable  Water 
Tank 

each 

4500 

1 

4500 

7.  Piping 

lot 

1200 

1 

1200 

8.  Wash  Fountains 

each 

375 

10 

I7sn 

9.  Ventilation 
Units 

each 

305 

4 

1220 

18,270 

1.  Public  Hook- 


Up 

lot 

75 

1 

2.  Fuse  and 
Switch  Box 

each 

400 

1 

3.  Wiring 

lot 

1200 

1 

4.  Light  Fix¬ 
tures 

lot 

800 

1 

5.  Installation, 

Items  2  to  4 

lot 

3200 

1 

6.  Engine  Gener¬ 
ator  Set 

each 

3690 

1 

7,  Tank  and  Fuel 
for  Item  6 

lot 

760 

1 

1.  Stairs 

2.  Roller  Unit 
for  Blast 

each 

440 

2 

880 

Door 

3.  Blast  Door 

each 

2160* 

1 

2160 

hatch 

4.  Interior 

each 

410** 

1 

410 

Doors 

each 

82 

7 

575 

4025 

**FoJ  l  !"h  ll  p,f  on,ly*  cost  16  52400  for  50  psi 
5  and  25  pst  only,  coat  is  $450  for  50  psi. 
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B.2.2  Structure  II 


The  objective  of  this  section  is  to  determine  the  approx¬ 
imate  cost  of  incorporating  an  austere  shelter  in  an  expressway 
structure  of  the  type  shown  in  Fig.  B.3,  B.4  and  B.5.  Consider 
the  structure  shown  in  Fig.  B.4,  the  plan  and  elevation  cross 
sections  are  shown  in  Fig.  B . 10  and  B.ll  respectively.  In  order 
to  incorporate  a  very  basic  shelter  and  take  maximum  advantage 
of  the  available  space,  one  approach  is  to: 

•  lower  the  wingwall  pile  caps  (see  Fig.  B.4), 

•  provide  a  retaining  wall  at  the  end  of  the 
approach  slab, 

•  excavate  the  soil  to  a  practical  elevation 
and  pave  the  surface, 

•  reinforce  the  central  pile  group  which  be¬ 
comes  exposed  when  the  soil  is  removed, 

•  provide  an  intermediate  floor  in  order  to 
take  advantage  of  the  large  available  head- 
room, 

•  provide  stairs  and  incorporate  an  entrance¬ 
way. 

This  synopsizes  the  general  approach  taken  in  this  instance  and 
is  illustrated  in  Fig.  B.10  and  B.ll  (stairs  and  entranceways 
are  not  shown) . 

The  rear  retaining  wall  was  designed  taking  advantage 
of  the  rear  pile  group.  The  central  pile  group  was  encased  in 
concrete,  allowing  an  internal  passageway  at  each  end.  The 
intermediate  floor  was  designed  as  a  one-way  reinforced  concrete 
slab  with  stairwell  openings  (not  shown).  The  lower  floor  sur¬ 
face  is  a  6-in.  wire  mesh-reinforced  concrete  slab.  The  result¬ 
ing  incremental  shelter  costs,  as  well  as  other  data,  (assuming 
that  the  task  is  undertaken  in  the  initial  construction  stage 
of  the  structure)  are  summarized  as  follows. 
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Fig.  B.10  PLAN  CROSS  SECTION  THROUGH  A  CLOSED  ABUTMENT 


Shelter 
Area 
sq  ft 

Minimum 

Headroom 

ft 

Shelter 
Volume 
cu  ft 

Fallout 

P.F. 

(minimum) 

Total  Cost 
Dollars 

Cost/ 
sq  ft 

5962 

1st  floor-8 

’5" 

56,200 

300 

22,200 

3.72 

2nd  floor-9' 

'7" 

The  costs  given  are  direct  contract  costs  and  represent  average 
values  in  the  Chicago  Metropolitan  area  for  the  year  1964.  They 
include  25  percent  for  contractors  profit  and  overhead  contin¬ 
gencies.  These  costs  may  be  broken  down  in  the  following  manner. 


Structural  and  Earthwork  »  $20,800 

Architectural 

Conventional  Stairs  (two  sets)  =  1,100 

External  Door  and  Hardware  «  300 

Total  -  $22,200 


It  must  be  emphasized  that  the  conceptual  approach  taken  is  not 
necessarily  the  most  economical  one,  however,  it  does  appear 
evident  that  these  structures  possess  a  sheltering  potential 
and  should  be  investigated  in  more  detail. 

B . 3  DISCUSSION 

An  all-inclusive  investigation  of  the  extent  of  the 
sheltering  potential  of  expressway  grade  separations,  was  be¬ 
yond  the  scope  of  the  study  reported  herein.  For  this  reason, 
no  attempt  was  made  to  study  vulnerability  or  to  seek  an  opti¬ 
mum  shelter  structure  within  a  given  set  of  constraints.  The 
objective,  as  discussed  earlier,  vas  to  explore  the  sheltering 
potential  of  these  structures  in  a  relatively  general  sense, 
i  .  e . ,  to : 

•  estimate  their  construction  trends  (Appendix  A), 

•  classify  the  structures  generally  as  far  as 
sheltering  utility  is  concerned  as  to  struc¬ 
tural  type, 


207 


•  determine  an  average  shelter  space  potential 
for  a  single  typical  structure, 

•  determine  the  probable  cost  of  incorporating 
a  shelter  in  a  typical  grade  separation  dur¬ 
ing  the  construction  stage. 

In  addition  to  designing  and  costing  a  basic  shelter  capable  of 
resisting  all  of  the  major  effects  of  the  arbitrarily  assumed 
nuclear  weapons  environment  (blast  and  associated  effects),  an 
attempt  was  made  to  provide  habitability  aspects. 

A  basic  (structure)  shelter  as  defined  herein  includes: 

•  enclosing  structure, 

•  internal  doors  and  stairs, 

•  blast  doors  and  associated  hardware. 

This  definition  is  sufficiently  inclusive  as  far  as  protective 
shelters  are  concerned  and  should  not  be  extended  to  include 
such  items  as  basic  wiring,  plumbing  and  ducts.  The  definition 
is,  of  course,  arbitrary  aud  may  be  subject  to  some  criticism. 
Ordinarily,  in  conventional  construction  a  basic  structure  is 
one  that  just  fulfills  its  essential  function.  However,  the 
expressions  "just  fulfills"  and  "essential  function"  are  again 
subject  to  definition  and  for  any  given  function,  interpreta¬ 
tions  may  vary  considerably  even  in  the  same  locality.  The 
function  of  a  basic  shelter  is  to  provide  a  "minimum  acceptable 
degree  of  protection  given  a  nuclear  weapons  (design)  environ¬ 
ment.  This  warrants  some  discussion. 

If  an  above  grade  shelter  (without  blast  doors)  is  de¬ 
signed  to  resist  a  given  level  of  Overpressure  only,  this  would 
seem  to  imply  that  for  a  series  of  weapon  types  and  sizes  ex¬ 
ploded  individually  or  in  combination  (air  bursts  and/or  surface 
bursts)  at  specific  critical  range  or  ranges  with  respect  to  the 
shelter,  the  vulnerability  of  the  shelter  relative  to  the  blast 
overpressure  is  zero  percent  (or  100  percent  survivability). 

The  structure  thus  survives  to  an  acceptable  degree.  At  the 
same  t_me,  however,  even  assuming  that  necessary  precautions 
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*reVTn’  T  !h6lter  °CCUpants  d0  not  experience  the  same  de¬ 
gree  of  survivability  relative  to  this  effect.  Also,  since  the 

assoc  ated  effects  (prompt  nuclear  radiation,  thermal  radiation 
and  subsequent  fallout  radiation)  were  not  specifically  consid¬ 
ered  the  vulnerability  of  shelter  occupants  relative  to  hem 
ot  necessarily  zero,  and  would  depend  on  shelter  charactL 

in  graphical ^f  W6aP°nS  enVironments •  This  is  demonstrated 

in  graphical  form  in  Fig.  B.12,  which  is  a  fictitious  represen- 

LV  irTs"!  VUlneral ,iUty  t0  — weapon  sizes  in  a 
ons  H  c  3St k?°0rS  d6Signed  f°r  3  -^1-  nuclear  wea- 

itv  a  1  V  name  y’  laSt  overPressure .  if  such  a  vulnerabil- 
ty  analysis  were  carried  to  different  overpressure  levels  for 

se  of  expected  weapons,  a  possible  combined  overpressure 

vulnerability  plot  is  shown  in  Fie  813  hi  PreSSUre 

,  rlg-  The  discussion  only 

'  that  what  constitutes  a  basic  shelter  „m 

ueU-beLVo!  thP“te<1  e'’Vlr0””nt  aa  "al1  “  »»  the  physical 
ell  being  of  the  group  being  sheltered.  For  the  shelter  con¬ 
cepts  discussed  herein,  the  costs  of  the  basic  shelter  .s  de- 

J"?  f  T  ‘  ‘Ven  Fl8'  B'14'  Thls  Staph  also  contains 

th«  of^nvi  ?  th"  C°StS  °f  the  baSl'  “ructure  and  also 

that  of  environmental  control  equipment  and  supplies.  These 

e«s  and  costs  are  given  In  Table  B.3,  and  although  the  items 

are  not  necessarily  the  least  expensive  or  the  most  efficient 

bllltv  for  r'  ^  COnVey  *  r°Ueh  °f  th*  '“'t  of  habit.- 

Diiity  for  a  two  week  stay. 

uterms  °f  s^ruc tures  with  -closed  abutments"  investi- 
S«  on  of  their  potential  uas  limited.  It  is  evident  that 
sheltering  potential  of  closed  abutment  structures  Is  greater 

futher  ^  should  he  ~ 

is  nor  Th8  ““  °f  l!'C°rp0r'‘tlne  shelters  In  highway  structure, 
is  not  new.  A.  an  Idea  It  was  briefly  discussed  in  a  Ufe  mg 
azine  article  (la n  19  iot9\  ,  — —  ma8 

ever  It  doe.  '  r  ’  as,ln  in  refcrc"«'  13.  How- 

that’thL  ““  t0  haVe  been  lovestlgated  in  the  detail 

gated  struct  Perti""t  ■*«»  f»r  the  two  Investi- 

8  tructures  are  summarized  in  Table  B.4. 
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2b  percent  for  Contractor's  profit  and  overhead  contingencies 
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APPENDIX  C 


DUAL-USE  PERSONNEL  SHELTERS 
COST  ESTIMATING  AND  COST  REPORTING 

C.l  INTRODUCTION 

From  the  material  presented  and  discussed  in  the  fore¬ 
going  chapters  of  this  report,  it  is  evident  that  a  significant 
amount  of  effort  has  been  expended  in  studying  the  feasibility 
of  dual-use  shelters.  It  is  also  evident  that  costs  constitute 
an  extremely  important  parametric  area  and  basis  for  comparison. 

In  the  area  of  conventional  structures,  no  single  uni¬ 
fying  procedure  for  estimating  costs  exists  at  this  time.  This 
is  due  to  the  fact  that  factors  that  influence  building  costs 
are  numerous  and  vary  locally  in  their  effects.  Costs  are  strong¬ 
ly  influenced  by  locality,  climate,  time  of  the  year  bids  are 
taken,  rigidity  in  building  codes,  construction  labor  practices, 
interest  rates,  etc.  Variables  are  many  and  in  performing  a 
cost  estimate  it  is  important  to  know  what  they  are  and  how  they 
vary  in  significance  relative  to  the  local  conditions. 

Although  no  single  universal  cost  estimating  approach 
is  available,  many  acceptable  methods  resulting  from  long  ex¬ 
perience  in  dealing  with  costs  exist.  A  contractor  in  any  area 
of  construction,  if  he  is  to  be  successful,  will  develop  an  es¬ 
timating  procedure  capable  of  comparing  the  costs  of  his  build¬ 
ings.  Such  a  procedure  would  reflect  all  significant  cost  in¬ 
fluencing  factors  typical  of  his  locality  and  would  allow  him 
to  make  an  estimate  -  opinion  -  judgment.  His  buildings  would 
thus  have  a  common  basis  and  cost  estimates,  even  if  approxi¬ 
mate,  are  possible. 
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The  Office  of  Civil  Defense  has  been  and  is  now  engaged 
in  studying  the  feasibility  of  dual-use  shelter  systems.  Work 
has  been  performed  by  numerous  organizations  in  different  parts 
of  the  country  over  the  past  several  years.  A  large  number  of 
conventional  structures  have  been  considered  for  this  purpose. 
Shelters  to  be  included  in  them  have  been  designed,  evaluated 
and  costed.  The  costing  aspect,  however,  in  most  cases  lacks 
the  uniformity  and  completeness  necessary  for  a  meaningful  cost 
comparison.  In  this  area  of  investigation,  matters  would  be 
greatly  facilitated  if  the  utility  of  any  shelter  could  be  re¬ 
flected  by  means  of  its  cost. 

Shelter  cost  estimating  on  a  country-wide  basis  is  ex¬ 
tremely  complex,  however  if  acceptable  data  capable  of  compari¬ 
son  is  to  arise  from  this  area  of  investigation,  it  is  important 
to  adapt  at  least  a  format  whereby  costs  may  be  grouped  and 
identified.  A  procedure  for  estimating  shelter  costs  has  been 
presented  in  reference  2*  and  if  adapted  should  prove  useful. 
This  procedure  is  lengthy  and  is  not  discussed  herein. 

The  objective  of  this  appendix  is  to  discuss  some  of  the 
more  important  general  aspects  of  cost  estimating,  list  several 
sources  of  cost  data,  present  a  format  for  grouping  contract 
costs  and  a  procedure  for  reporting  shelter  costs  for  dual-use 
shelters . 


The  references  for  Appendix  C  appear  at  the  end  of  the  section. 
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C . 2  COST  ESTIMATING 


Cost  estimates  may  be  divided  into  at  least  two  differ¬ 
ent  categories,  depending  on  the  purpose  for  which  they  are  in¬ 
tended,  i.e. ,  approximate  and  detailed.  These  two  categories 
may  be  subdivided  further. 

For  certain  purposes  the  use  of  approximate  (shortcut) 
procedures  is  wholly  justified.  This  is  especially  true  in  the 
preliminary  (planning)  stages  of  a  project.  At  such  a  time  the 
structural  designer  may  reduce  a  typical  unit  of  a  structure  to 
square  feet  of  area  or  cubic  feet  of  volume  and  determine  the 
cost  thereof. 

In  order  to  obtain  a  dependable  estimate  of  this  type, 
a  great  deal  of  experience  and  sound  judgment  are  required. 

The  estimator  must  be  able  to  adjust  the  various  unit  costs  in 
order  to  allow  for  variations  resulting  from  construction  dif¬ 
ficulties,  qualities  of  material,  workmanship,  etc.  As  far  as 
formal  bids  are  concerned,  this  category  of  estimate  is  not 
sufficiently  accurate. 

A  detailed  cost  estimate  on  the  other  hand  is  prepared 
by  combining  in  detail  and  in  some  prescribed  order  all  the 
cost  contributing  items. 

In  preparing  a  detailed  cost  estimate  it  is  advisable 
for  the  estimator  to  follow  the  various  operations  in  the  same 
sequence  that  will  be  followed  on  the  actual  project.  Thus  in 
the  case  of  a  protective  shelter  the  first  direct  cost  may  be 
site  clearance.  This  item  would  be  followed  by  the  cost  of 
moving  in,  excavation,  forming,  framing  and  thus  continuing  in 
sequence  through  the  last  operation  performed,  which  may  be 
site  cleanup.  The  following  of  such  a  sequence  would  result  in 
a  check  list  of  operations  which  may  then  be  used  in  summariz¬ 
ing  direct  project  costs.  A  check  list  of  direct  project  costs 
on  a  shelter  project  may  evolve  to  have  the  form  shown  in 
Table  C.l. 
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1.  Site  Clearance 

2.  Temporary  construction:  office, 
storage  sheds,  etc. 

3.  Excavation,  grading,  backfill, 
special  fill 

4.  Foundation  support:  piles, 
caissons,  cribs 

5.  Shoring,  sheering:  temporary 
and  permanent 

6.  Underpinning:  temporary  and 
permanent 

7.  Drains,  sewers,  conduits 

8.  Concrete  forms:  wood,  metal 

9.  Reinforcing  rods  and  mesh 

10.  Concrete 

11.  Structural  steel 

12.  Air  intake  and  exhaust  pipes 

13.  Water  and  damp-proofing 

14.  Calking 

15.  Interior  panel,  stair  and 
door  work 

16.  Plumbing  and  fitting 

17  Sprinkler  system 
(decontaminat ion) 

18  Electrical  wiring 

19.  Electrical  fixtures 

20.  Heating  and  ventilating 

21  Taiks 

22  Toilets 

23  Blast  doors 

24.  Special  equipment  not 
otherwise  listed 

25.  Special  interior  fixtures 

26.  Landscape:  leveling,  sodding, 
plant ing 

27.  Total  direct  cost 
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The  final  format  of  a  cost  estimate  is  of  course  arbi¬ 
trary,  however  for  the  purposes  of  comparing  costs  of  protective 
shelters  developed  by  different  contractors,  a  great  deal  of 
time  and  effort  may  be  saved  if  some  arbitrary,  flexible  but 
standard  format  is  adhered  to  by  all  concerned.  For  this  reason 
the  following  format  and  breakdown  are  suggested. 

C . 2 . 1  Breakdown  of  Project  Cost 

I  COST  OF  LAND 

II  COST  OF  SITE  PREPARATION 

A.  Clearance  of  existing  structures 

B.  Unusual  site  preparation 

C.  Temporary  construction 

1.  office 

2.  storage  shed 

3 .  temporary  road 

4.  landscaping,  etc. 

Ill  CONSTRUCTION  COST 

A.  Earthwork  and  structural 

B.  Architectural 

C.  Mechanical 

D.  Electrical 

E.  Contractor's  overhead  and  profit 

IV  FEES  AND  TAXES 

A.  Architect  and  engineer  fees 

B.  Legal  fees 

C.  Taxes  and  interest 

D.  Owner's  insurance 

This  cost  breakdown  is  by  no  means  unique,  and  with 
several  variations  in  grouping  is  widely  used. 

Having  completed  a  cost  estimate,  it  is  of  benefit,  for 
purposes  of  comparison,  to  list  sources  of  cost  data.  Several 
such  sources  which  are  in  general  use  are  given  in  the  follow¬ 
ing  paragraphs. 
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C .2.2  Sources  of  Cost  Data 

The  following  sources  of  periodically  published  and  up¬ 
dated  cost  data  have  been  found  to  be  reliable  and  are  in  popu¬ 
lar  use  at  this  time.  Several  others  are  given  in  the  list  of 
references  at  the  close  of  this  appendix. 

(a)  "Building  Construction  Cost  Data",  Published 
and  compiled  annually  by  Robert  Snow  Means 
Co.  Engineers  and  Estimators,  P.  0.  Box  36 
Duxbury,  Mass.  ’ 

This  publication  provides  average  unit  prices  on  a  wide 
variety  of  building  construction  items  for  use  in  making  up  en¬ 
gineering  cost  estimates.  The  book  is  primarily  aimed  at  indus¬ 
trial  and  commerical  buildings  costing  $50,000  and  up  or  large 
housing  projects.  The  costs  are  for  new  construction  of  complete 
buildings  rather  than  repairs  or  minor  alterations.  Material 
costs  are  primarily  for  metropolitan  areas.  Overhead  and  profit 
contingencies  are  discussed,  and  recommended  percentages  are 
given. 


(b)  Engineering  News-Record"  Quarterly  Cost 
Round-up,  McGraw-Hill  Publishing  Co.. 

Hightstown,  N.J. 

This  publication  includes  both  Construction  and  Building 
Cost  Indexes  which  have  been  designed  to  measure  the  effects  of 
wage  rates  and  material  price  trends. 


(c) 


Military  Construction  Pricing  Guide" 
Air  Force  Pamphlet  No.  88-088  -  1  and 
Department  of  the  Air  Force,  Washingt 
D.C.  (Annual  Publication). 


> 

2, 

on, 


This  publication  contains  average  prices  intended  to  be 
used  for  reviewing  and  preparing  cost  estimates  for  planning  and 
programming  construction.  Prices  represent  those  prevailing  in 
Washington,  D.C.  and  are  assigned  a  location  factor  of  1.00. 
Factors  for  other  geographic  areas  are  indicated. 


There  are  numerous  other  sources  of  cost  data,  many  of 
which  are  given  in  references  1  and  2  .  Several  of  these  are 
given  in  the  list  of  references  at  the  end  of  this  appendix. 
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C  ■  3  PROCEDURE  FOR  REPORTING  DUAL-USE  SHBT.TTO  mere 

One  of  the  conclusions  reached  in  the  course  of  this 
study  is  that  it  would  simplify  analysis  and  cost  comparisons 
in  the  area  of  dual-use  shelters  if  a  standard  cost  data  report¬ 
ing  procedure  were  adapted.  One  such  procedure  is  presented 
herein  and  illustrated  by  means  of  a  hypothetical  example. 

The  structure  in  question  is  a  rural  school  to  be  con¬ 
structed  and  which  is  to  contain  a  low  overpressure  type  blast 
resistant  shelter  (fallout  and  direct  effects).  The  school  des- 
scribed  is  assumed  to  be  in  its  planning  stage  and  the  costs  are 
thus  of  the  "preliminary"  type.  The  final  cost  may  be  less  or 

more  depending  on  conditions  prevailing  during  the  construction 
period. 
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DUAL-USE  SHELTER  SUMMARY 
(Description  and  Costs) 


I.  PARENT  STRUCTURE 

Building  3IEJ3.  Stewart  Elementary  School _ 

Address  H  W.  Brifbton  St.  City,CTow^)  Oatrton  State  III. 

Year  Constructed  Construction  planned  Eor  summer  1967 

Type  of  Community:  (>/)  Residential  Industrial  _ 

Urban  _  Suburban  _  Rural  •Z' 

GENERAL  DESCRIPTION 

A.  Primary  Function:  Educational  Facility  For  elementary _ 

school  grades  1  through  8. _ _ 

B.  Construction  Type:  (</) 

1)  Wood  Frame  _ 

2)  Masonry  Bearing  _ 

3)  Concrete  Frame 

4)  Steel  Frame  _ 

5)  Tilt  Up  _ 

6)  _ 

7)  _ 

C.  Roof:  ( >/) 

1)  Asph  and  Gravel  _ 

2)  Tar  and  Gravel  _ 

3)  Tile  _ 

4)  Finished  Deck  V _ 

3)  _ 

6)  _ 
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D.  Exterior  Walls:  (vO 

1)  Concrete  _ 

2)  Concrete  Masonry  ______ 

3)  Brick  S 

A )  Cut  Stone  ________ 

5)  _ 

6)  _ 

E.  Number  of  Floors  Above  Grade  2 

F.  Basement:  Yes  No  _ 

1)  Number  of  Levels  1 

2)  Area  per  Level 

<sq  ft)  -<140 

3)  Percent  Finished  100 
A)  Materials  and  Type 

of  Construction  Rcmforcea  concrete,  one  ana 
two-way  Slabs  -  no  columns. 


G.  Fire  Protection 


No. 


1) 

Fire  Alarm 

1 

2) 

Fire  Escape 

i 

3) 

Fire  Pump 

A) 

Hose  Racks 

5) 

Hydrants 

6) 

Extinguishers 

<o 

7) 

Sprinklers 

Dry  System 

Wet  System 

8) 

Fire  Doors 

2 

9) 

10) 
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H.  Building  Occupancy  (Number  of  Persons)  340  including 

students,  faculty  and  maintenance,  personnel. _ 

I.  Building  Area  -  Gross  (Based  on  Inside  Dimensions)  sq  ft 

12., 420 _  _ 

J.  Building  Volume  -  Gross  cu  ft  §(12^420)-  99^360 _ 


II.  SHELTER 


A.  Type  of  Protection  Provided:  (i/) 

1)  Fallout  _ 

2)  Fallout  and  Direct 

Effects  _ v 

B.  Design  Weapons  Environment 

1)  Weapon 

type  (fussion-fission)  not  considered 
size  1  to 20  MT 

2)  Design  Level  of  Free  Field  Incident 

Overpressure  (psi)  5 _ 

3)  Fallout:  10, 000  r/hr  in'itr t'a I 
dose  rate,  of-  delay ed  nuclear 
radiation,  1  hr  aPfcer  detonation. 

A)  Thermal  Radiation:  1 5 cal  /so  cm 

5)  Assumed  External  Fire  Environment  (explain) 

Th*  building  is  to  be  located  in  a  relatively  isolated  area.  The 
danger  o\  fires  external  to  shelter  is  considered  to  be  rn'ininu ). 


C.  Shelter  Location:  (V)  (Provide  Plan  View)  See  Fig.  C.l 

1)  Above  Grade  _ 

Basemen't' 

2)  Below  Grade  Area _ 

3)  Above  and  Below  Grade  _ 
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|  -  Equipment 

i try  Room 

! :::  t  r==-^— 


.  — ■  :i  Bath-||  Area  | 
,  ‘  v  ,1  room 


Classroom 


Outline 
of  School 
Building 


b)  Section  A-A 


Fig.  C.l  DUAL-USE  SCHOOL  AND  SHELTER 
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D.  Shelter  Size  -  Gross  (Based  on  Inside  Dimensions) 

1)  Area  (sq  ft)  4140 _ 

2)  Headroom  (ft)  _ 

3)  Volume  (cu  ft)  35tl&0 

4)  Capacity  414  persons 

\>ase<i  on  10  sq  Pt  pgr  person. 

E.  Construction  Materials  and  Structural  Members 

1)  Shelter  Roof  Continuous  rein  Ported  concrete _ 

two-way  slabT  10*  in.  tWW. _  _ _ 

?)  External  Walls  Continuous  reinforced  concrete. 

one-way  slabf  10-in-  thick . _ _ _ _ _ 

3)  Interior  Walls,  Columns  or  Partitions  8-in.  cinder 

UocW  partitions.  _ _ _ 

4)  Foundation  Continuous  neinporcecf.  concrete,  ua II - 

footings  ,  1  ft  10  in  wide.  _ _ — 

5)  Entranceways  ReinPorceof.  concrete  doors  an 

structural  sieel  frames. _ _ _ 

number  _ _ _ 

size  3  Pin.  X  fe  Ct  8 m. 

F.  Design  Properties  of  Construction  Materials 

1)  Concrete, f'  (psi)  3000 

compression,  (axial  or  flexural)  (psi)__J125Jj, 

pure  shear  (psi)  _ _ 1 5  ft 

allowable  bond  (psi)  _ _  015  £ c 

diagonal  tension  (psi)  reference  1 - 

2)  Reinforcement  (psi)  _ _  re, OOP — 

3)  Structural  Steel 

tension  (flexural)  (psi)  _ 60,000 - 

compression  (flexural)  (psi)  _ <ZO,  000 
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4)  Allowable  Soil  Bearing  Pressure  (tons/sq  ft) 

static  _ j _ 

dynamic  _ 8 

G.  Foundation  Conditions 

1)  Soil  Classification  (Identify  System  Used) 

Saniy  clay  Cno  detailed.  cUssiPieatnon  available.). _ 

2)  Pertinent  Soil  Water  Characteristics 

Wa^r  -fcaUe.  i's  b^loto  jV\e.  basewewt  slab.  There  is 
liUle  seasonal  variation  in  its  location. _ 

H.  Summary  of  Shelter  Aspects  Considered  in  Addition  to  Basic 
Structure  and  Entranceways 

1)  Sanitary  Facilities  _ 

2 )  Heat ing  _ 

3)  Air  Conditioning  _ 

4)  Ventilation  v^~ 

5)  Water  Supply  _ 

6)  Medical  Supplies  _ 

7 )  Bunks  _ 

8)  Decontamination 

Facilities  _ 

9)  Communication 

Equipment  _ 

10)  Food  _ 

ID  _ 

12)  _ 
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BASE  COSTS 

(Parent  structure  and  shelter.) 


Cost 

dollars 

Unit 

Cost 

Percent 
of  Total 

Cost 

sq  ft 

cu  ft 

1.  Structure  and 
Earthwork 

110,000 

8.86 

1.11 

61.6 

2.  Architectural 

23,900 

1.92 

0.24 

13.4 

3.  Mechanical 

Heating  and 
Ventilation 
Plumbing 

9,450 

9,900 

0.76 

0.80 

0.10 

0.10 

5.3 

5.5 

4.  Electrical 

8,470 

0.67 

0.08 

4.7 

Total  without 
shelter 

161,670 

13.01 

1.63 

90.5 

Total 

178,570 

14.37 

1.80 

100.0 

In  addition  to  contract  costs,  the  above  estimate  includes  the 
costs  of  the  following  equipment: 


•  Heating  and  Vencilating 

•  Gas  fired  forced  air,  unit  heater  distribution. 
Central  duct  system. 

•  Plumbing 

•  Lavatories,  two  showers,  two  drinking  fountains, 
nine  center  closets,  six  urinals,  four  sinks,  one 
service  sink,  gas  fired  water  heater. 

•  Electrical 

•  Transformer,  110-120  v  AC  in  rigid  conduit. 
Incandescent  and  flourescent  lighting. 

•  Costs  are  based  on  bids  received  in  October 
1966  for  the  region  indicated  and  include 
contractor's  profit  and  overhead  contingencies. 
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SUMMARY  OF  SHELTER  COST 

(Cost  increments  over  and  above  the  cost  of  parent  structure.) 


T 


1  Cost 
|  dollars 

!  Unit  Cost 

Percent  of  Total 

Shelter  Cost 

!  ft.  i  ft  oerson 

1.  Structure 
Earthwork 

j  13,500 

1  1 

3.26  0.38  ! 

32.60 

79.80 

2.  Architectural 

560  , 

| 

0.14  j  0.02  ! 

1.40 

3.30 

3.  Mechanical 

I  1,980 

0.48  0.06  ! 

4.80  j 

11.70 

4.  Electrical 

880  J 

0.21  0.03  ! 

2.10 

5.20 

Items  Included  in 

the  Above 

Costs 

1.  Concrete 
Reinforcement 
Blast  Doors 

2.  Toilet  Ifertitions 

3.  Additional  Plumbing 

Two  shelter  package  utilization 
kits  (MIL- V-40645) 


8,750.00 

4,250.00 

500.00 

560.00 

1,802.00 

88.85  (each) 


4.  Additional  wiring  and  switches 


880.00 
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effort  dealing  with  a  large  number  of  existing  related  topics  are 
contained  in  this  report.  These  results  are  in  the  form  of  as¬ 
sembled  and  updated  costs  as  well  as  physical  and  environmental 
data  and  conclusions. 
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